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PREFACE. 



I HAVE prepared this little work in the hope that 
it may be found useful in promoting the scientific 
education of the senior classes in trade schools. I 
trust it will not be without its value to pupil teachers, 
school-masters, and the students of classes in Me- 
chanics' Institutions. 

Having been engaged for the past seven years as 
a teacher of physics, both to boys and adults, I have 
always found the experimental sciences, especially 
chemistry, to be very popular subjects of instruction ; 
and if this little book should contribute, in how- 
ever small a degree, towards the scientific industrial 
education of the working classes, or stir up in some 
obscure worker a desire to learn, I shall be content 
to have done something for that class which has 
always had my warm and earnest sympathy. 

For some years I have taken a deep interest in 
Mechanics' Institutions. I believe that many of them 
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Vlll PREFACE. 

contain the elements of great usefalness, and may yet 
be made to take an important part in the secondary 
education of the working classes. 

I recollect, when only fourteen years of age, attend- 
ing courses of lectures at a Mechanics' Institution; and 
to these lectures I owe the desire to learn the little 
science I have since acquired. 

The true elevation of the working classes chiefly 
depends on their own efforts, judiciously aided by 
other means. A large and liberal system of education 
would do much to remove * many of those evils by 
which they are afflicted. 

My strong faith in the education of the people has 
never once faltered. 

The political privileges and liberty of the present 
day are quite equal to the social and intellectual con- 
dition of the people. To advance the one and neglect 
the other is to invert the natural order of society, and 
invest with power a people that have never been 
educated to use it. 

I am not insensible to the objections which are 
frequently urged against the introduction of new sub- 
jects of instruction ; but it has often struck me that 
some of the subjects usually taught in schools might 
be got rid of with great advantage to the children. 
The great object of education with the working classes 
is its practical value, and they rarely rise above this 
idea ; nor do I think it so low and grovelling as some 
have described it. Unless you can instruct a . boy in 
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some of those principles and things which will help 
him through life, and supply him with new resources 
in the time of difficulty, which shall infuse a new sen- 
timent into his labour, and relieye him from the mo- 
notony of mere mechanical manipulation, — unless this 
is done, education loses much of its usefulness, and fails 
in the estimation of those for whose benefit it is in- 
tended. 

I would not, on this account, ignore every thing of 
an abstract character. A man who can demonstrate 
the first twenty propositions in Euclid, is raised to an 
intellectual level above that at which he stood before. 
But persons who have little capacity for the reasoning 
of mathematical investigation, often distinguish them- 
selves in the sciences of experiment and observation ; 
and these sciences are not without their logic in the 
hands of a good teacher. Working men are almost 
always experimentalists ; a difficulty or failure is 
overcome by trying some other method ; they seldom 
reason out a result, — ^indeed, results in natural science 
are rarely so obtained, — and if they reason at all, it is 
after the result is accomplished. 

I have endeavoured to render this book as practical 
as possible; I am not aware that I have omitted any- 
thing of importance, and, in the hands of an intelligent 
teacher, it will admit of much amplification. 

I must express my obligations to the lectures of 
Dr. Hofimann for some of the information. 

St John's Hill, Wandsworth. 
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ELEMENTARY CHEMISTRY. 



/> 



The earth is made up of a variety of solid, liquid, 
and gaseous materials. Chemistry investigates the 
relationship between the different kinds of atoms or 
partides of which these materials are composed. If 
the earth were composed of only one simple sub- 
stance, there could be no such science as chemistry. 

All substances, whether animal, vegetable, or mine- 
ral, are either simple or compound. Those which 
cannot be reduced into any simpler form are called 
elements, and these elements combine to form an 
infinite variety of compound bodies. We may illus- 
trate this by the letters of the alphabet, which cannot 
be separated into any simpler form, but by different 
combinations form a great variety of words. These 
words can be separated into their letters, as can the 
compound bodies into the elements of which they are 
composed. It is only compound bodies which can 
thus be separated. Sulphur, iron, zinc, copper, 
oxygen, hydrogen, cannot be resolved into any sim- 
pler substance : they are therefore called elementary 
bodies; Water can be separated into oxygen and 
hydrogen, and water is therefore a compound body, 

B 



2 ELEMKKTARY CHEMISTBT. 

and not an element, as was once supposed. Again, 
chalk, or carbonate of lime, is made up of three 
elementary bodies, — a metal called calcium, oxygen, 
and carbon. Common salt is composed of two ele- 
mentary bodies, — a metal called sodium, and chlorine. 
The great majority of compounds are formed by the 
union of two, three, or four elementary bodies. The 
separation of these compound bodies into simpler forms 
is called analysis, and the formation of compound 
bodies by the union of simple ones is called synthesis. 
The Elementary bodies are sixty-two in number ; but 
many of them are so rare as not to require special at- 
tention. They are divided into metals and metalloids, 
or non-metallic bodies. The metals have great lustre : 
are good conductors of heat and electricity. These 
properties are never associated in a non-metallic body. 
This division is not based on any exact principles of 
science, but as a common means of description. The 
metalloids or non-metallic bodies in the following 
table are marked with an asterisk. 

TABLE OF ELEMENTS. 



Names of Elements. 


Symbols. 


Atomic 
Weights. 


Specific 
Gravitiei. 


Alaminnm . . . . 


AL 


13-7 


2-60 


Antimony {stibium) 




Sb. 


12-9 


6-70 


Arsenic 




As. 


75 


5*88 


Barium 


m 






Ba. 


68-5 




Bismuth 


t < 






Bi. 


71 


9-82 


♦Boron • 


1 < 






B. 


10*9 




•Bromine 


• 






Br. 


80 


2-97 


Cadmium . 








Cd. 


56 


8*60 


Calcium 


t 






Ca. 


20 




♦Carbon 


► * 






C. 


6 


3-5 


Cerium , 








Ce. 


47 





SYMBOLS. 



Names of Elements. 


Symbols. 


Atomic 
WeigbU. 


Specific 
GntTlties. 


♦Chlorine .... 


CI. 


85-5 


2-47 


Chromium . 




Cr. 


26-7 


5-9 


Cobalt. 




Co. 


29-5 


8-54 


Columbium (tantaium) . 




Ta.orCm. 


184 




Copper (cuprum) . 




Cu. 


81-7 


8-89 


Didjfmtum . 




D. 


49-6 




Erbium 




E. 






♦Fluorine 




P. 


19 




Glucinum . 




G. 


26*5 


3 


Gold (aurum) 




An. 


197 


19*26 


•Hydrogen . 




H. 


1 


0069 


♦Iodine. . • . 




L 


127 


4-948 


Iridium 




Ir. 


99 


16 


Iron (ferrum) 




Fe. 


28 


7-8 


Lanthanum . 




La. 


47 




Lead {plumbum) . 




Pb. 


103-7 


1135 


Lithium 




Li. 


6-52 




Magnesium . 




Mg. 


12-7 


1*70 


Manganese . 




Mn. 


27-6 


6*85 


Mercury (hydrargyrum] 




Hg. 


100 


13*59 


Molybdenum 




Mo. 


46 


86 


Nickel. 




Ni. 


29-6 


8*28 


Niobium 




Nb. 






Nitrogen . 




N. 


14 


0*9729 


Norium 




No. 






Osmium 




Os. 


99-6 


10 


♦Oxygen 




0. 


8 


1*106 


Palladium • 




Pd. 


53-3 


11*3 to lis 


Pelopium 




Pe. 






♦Phosphorus . 




P. 


82 


1*77 


Platinum . 




Pt. 


98'7 


21 


Potassium (halium) 




K. 


39 


0*865 


Bhodium 




R. 


52-2 


11 


Ruthenium . 




Bu. 


52-3 


8-6 


*Selenium 




Se. 


89«5 


4-28 


♦SUicoR 




SI 


21-3 




Silver (argentum) . 




Ag. 


108 


10*47 


Sodium (natrium) 




Na. 


23 


972 



P2 
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Names of Elements* 


Symbols. 


Atomic 
Weights. 


Specific 
Grafitiei. 


Strontium . 
♦Sulphur 
TeUurium . 
Terbium 
TAontuii 
Tin (stannum) 
Titanium 

Tungsten {Wolfram) , 
Uranium 
Vanadium . 
Yttrium 

Zinc . . • , 
Zirconium . 




Sr. 
S. 
Te. 
Tb. 
Th. 
Sn. 
Ti. 
Tn.or.W. 
U. 
V. 
Y. 
Zn. 
Zr. 


43*8 

16 

64-2 

59-6 
59 
25 
95 

60 
68-6 

32-6 
22-4 


2-07 
6*25 

7*29 
5-3 
17-6 

7-86 to 7-1 



The rare elements are distinguished bj italics, and 
the figures to the right represent the combining 
equivalent or atomic weights of these elements. The 
figures in the second column will be explained under 
the section oh weight. 

Some of the elements have a popular name : sulphur 
is called brimstone ; mercury, quicksilver. Carbon 
when crystallised is a diamond ; when prepared arti- 
ficially, it is known as charcoal, coke, lamp-black, 
and bone-black. The Latin names of all the metals 
terminate in um. Five of the elementary bodies are 
gaseous under ordinary pressure and temperature ; 
— hydrogen, oxygen, nitrogen, chlorine, and fluorine. 
Two are liquid, — mercury and bromine. The others 
are solid. The elementary bodies are represented by 
symbols. These symbols are of great importance in 
expressing chemical changes. 

The student should learn the s3rmbols and combin- 
ing equivalents of the commonly occurring elements. 



CHEMICAL AFFIKITY. 5 

The elementary bodies forming a compound are fre- 
quently called its constituents, or components, and the 
act of union is called chemical combination, whilst 
the separation of a compound is called decomposition. 

CHEMICAL AFFmnr. 

The power or force by which bodies chemically unite 
is called affinity. It differs from the force of gravita- 
tion, which tends to draw all bodies towards the centre 
of the earth, and operates at all known distances. It 
also differs from cohesion, which binds like particles 
of matter together. The rain falls by gravitation, the 
particles of iron are held together by cohesion ; but 
in iron rust (or oxide of iron) the oxygen is united 
to the iron by the force of chemical affinity. Chemi- 
cal combination may be distinguished from mere 
mechanical mixture by the formation of compounds 
having properties different from the bodies which 
have entered into combination. And what is most 
remarkable, bodies of opposite chemical characters 
evince the strongest tendency to combination. Che- 
mical affinity may be regarded as that force by 
which bodies unite, and form compounds having 
properties totally different to the constituents which 
have entered into combination. This combination 
is usually attended with an elevation of temperature. 
Chemicsd affinity acts with different degrees of force. 
If sulphuric acid.be united with ammonia, and mag- 
nesia added to the compound, the ammonia is set free, 
and the sulphuric acid combines with the magnesia. 
This union of magnesia and sulphuric acid may be 
again decomposed with lime; and this compound 
may be decomposed with soda, then potash, then 
strontia^ then baryta. From this it appears that the 

b3 



6 ELEMEKTABY CHEMIBTBT. 

affinity of sulphuric acid for barjta is strongest, and 
for ammonia the weakest. 

The force of chemical affinity is very much influ- 
enced by heat. Some chemical compounds are entirely 
decomposed by heat ; the particles seem to be removed 
beyond the sphere of chemical attraction by the re- 
pulsive force of heat. Heat destroys all organic sub- 
stances, but other compounds are formed of a more 
permanent character. Light, also, modifies the force of 
affinity : if equal volumes of chlorine and hydrogen 
be mixed in the dark they do not unite, but under 
the influence of sun-light combination takes place with 
great violence. The particles of matter attracted are 
assumed to be in different electrical states, and this is 
regarded as the basis of all chemical action. Elec- 
trical currents are among some of the most powerful 
causes of chemical decomposition. As chemical com* 
bination can only take place when the particles or 
molecules are brought within the sphere of chemical 
attraction, which acts at insensible distances, the 
force of cohesion must, first, be overcome ; and this 
is done by dissolving the substance usually in waters 
so that the particles may be brought into closer con^ 
tact. Substances in a solid state rarely combine, 
even if reduced to powder. Phoephorus with Iodine 
is an exception. When elements are liberated at the 
same time, in what is called their nascent condition, 
compounds are sometimes formed which cannot be 
effected under other circumstances. If nitrogen and 
hydrogen be mixed in the same vessel, combination 
does not take places but when these gases are set 
free at the same time, as in the case of manure heaps, 
Ammonia is formed^ 



LAWS OF CHEMICAL COMBINATION. 7 

CATALYSIS. 

Chemical combination is also influenced bj what 
is called catalysis ; that is, a hodj hj its mere 
presence induces changes, in which the body itself 
seems to act by mere contact. If starch be boiled 
in a little weak sulphuric acid, it is converted into 
sugar. This acid, if examined after the process has 
terminated, is found unaltered ; so that the smallest 
quantity of acid is sufficient to convert any quantity 
of starch into sugar. The acid seems to act by its 
presence. The binoxide of manganese undergoes no 
change when heated with the chlorate of potash 
to obtain oxygen, but the oxygen comes off at a much 
lower temperature than when the salt is used alone. 

LAWS OF CHEMICAL COMBINATION. 

Chemical combination takes place according to cer- 
tain definite laws.. These laws are called the laws of 
combining proportion : no circumstances can alter 
the proportional quantities in which bodies chemi- 
cally unite. The same chemical compound invari- 
ably consists of the same elements united in the 
same proportion by weight. Pure water, no matter 
where obtained, contains 8 parts of oxygen by 
weight united to 1 part of hydrogen. Common 
salt, whether from Poland or Cheshire, contains 23 
parts by weight of sodium, to 35*5 parts by weight 
of chlorine. Carbonate of lime, whether crystallised 
or amorphous, has the same elements united in the 
same proportion by weight. 

When one body is capable of uniting with another, 
in several proportions, these proportions bear a 
simple relation to each other. This is called the law 
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of multiple proportions. The best illastration of this 
law are the five oxygen compounds of nitrogen. 

N»U . 0»8 NO-U + 8-28 

« - I. , . » 

Protoadde of nitrogen. 

N-U . 0,-16 NO,-14 + 8 + 8-80 

Binoxide of nitrogen. 

N-U . 0,»24 NO,»U + 8 + 8 + 8:-d8 

Nitrous add. 

N»14 . 04«»32 N04»144-8 + 8-f8 + 8«48 

— - . - 
Hyponitric acid. 

N«14 . O.«40 NO. = 14 + 8 + 8 + 8 + 8 + 8«54 
, * L, . . 

Nitric acid. 

In this example, while the nitrogen remains con- 
stant, the oxygen increases by multiples of eight. 

Sometimes the members of a group are wanting : 
if these members should be discovered, they wlQ, 
doubtless, follow the law just illustrated. Chlorine 
affords a good example. 

01 » 35*6 . O » 8 010 »d5'5 + 8 »43*5 
Hypochiorous acid. 

a « 35-5 .0,-24 C10,«36-5 + 8 + 8 + 8=59-5 
* 

Cliloroos acid. 
01=35-6 . 04=32 0104= 35*5 + 8 + 8 + 8 + 8=67-5 

Hjrpochlorie add. 
01=35*5 . Os=40 0105=35-5+8 + 8 + 8 + 8 + 8 = 75*5 

Cliloric add. 

01=35-5 . 0.=56 010,=35-5+8 + 8 + 8 + 8 + 8 + 8 + 8=91*5 

Fercliloric add. 



COMBINING PBOFOBTION. 



Here the compounds between the first and second, 
and the fourth and fifth are wanting. While the 
chlorine is a constant quantity, the oxygen increases 
by multiples of eight. 

The oxygen compounds of sulphur afford another 
illustration of this law. 





s. 


«32 . 0,=:16 S,0,«16+ 16+8 + 8=48 








Hypotolpharous acid. 








S=16 . Os»16 SO,»l6 + 8 + 8»32 

Si ^M ^^^m^^ 






Sulphurous acid. 




s. 


»32 


. O4«40 S,Oj«16 + 16 + 8 1-8+8+8 + 8* 


72 






Hyposulphuric acid. 






S 


«16 . Oj = 24 SOj-ie + 8 + 8 + 8 = 40 





Sulphuric add. 

K one body, A, unite with other bodies, BCD, 
the quantities of B C D which unite with A repre- 
sent the proportions in which they unite among 
themselves, in the event of union taking place. 

No element has a greater range of affinity than 
oxygen, and many of its compounds are capable of 
exact analysis. Its combining equivalent is eight. 

Let us take a few illustrations. 

0= 8 

H=: I. ... S = 16 



I = 127 . 
P= 32. 
Cl= 35-5 

N= 14. 



. K = 39 

. Fe= 28 

. Ag=108 

. C = 6 



These numbers represent the proportions in which 
these elements unite : thus, 8 of oxygen unites with 
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1 of hydrogen, with 14 of nitrogen, with 6 of carbon, 
with 16 of sulphur^ 39 of potassium, 28 of iron, and 
32 of phosphQrus. 1 equivalent of hydrogen goes 
as far in saturating 8 of oxygen, as 108 of silver, 39 
of potassum, 6 of carbon, 32 of phosphorus, and 28 
of iron. 16 of sulphur combines with 28 of iron, 
36*5 of chlorine. This law is never departed from in 
any case. It is very common to speak of such a 
number of equivalents of one body united to one or 
more equivalents of another. Sulphuric acid contains 
one equivalent of sulphur to three equivalents of 
oxygen, SO3. Potash, KO, one of potassium to one 
of oxygen. Phosphoric acid, PO^, one of phosphorus 
to five of oxygen. 

The combining equivalent of a compound is always 
the sum of the combining equivalents of its con- 
stituents. The combining equivalent of sulphuric 
acid is 40, 16 of sulphur, and 3 times 8 of oxygen. 
S 16 + 8 + 8 + 8 = 40. The combining equivalent 
of potash, KO, is 47, 39 the equivalent of potassium, 
and 8 the equivalent of oxygen, 39 + 8 = 47. 40 
parts of sulphuric acid neutralise 47 parts of potash, 
forming the sulphate of potash, which has a combin- 
ing equivalent of 47 + 40 = 87. Nitric acid, NO5, 
has a combining equivalent ofl4-f-8 + 8 + 84-8 
•4- 8 = 54 ; the proportion of nitric acid necessary 
to neutralise and combine with 47 parts of potash. 
From this it will be evident that when neutral salts 
decompose each other, the resulting compound will 
be neutral. It will be understood that these propor- 
tions are by ^weight. 
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COMBINATION BY VOLUME. 

It is often more conyenient to measure- a certain 
volume of gas than to weigh it. Gases and volatile 
vapours combine by volume according to a definite 
and simple law. Equivalent weights of hydrogen and 
chlorine occupy at the same temperature and pressure 
equal volumes. Oxygen occupies only half the 
volume. If the specific gravity of a gas or vapour, 
and its combining equivalent, be known, its combining 
volume may be determined by dividing the chemical 
equivalent, of the substance by its specific gravity. 
The combining equivalent of oxygen is 8 divided 

by its specific gravity, 1*106 = —^7-,= 7*23, its com- 

I'lOo 

bining volume. Chlorine equivalent 35*5 divided by 

its sp. gr. which is 2-470 = t-7=x = 14*33, its com- 
° 2*470 

bining volume. Sulphur vapour, sp. gr. -^-^-- =2*40. 

6*654 

From this it appears that the combining volume 
of chlorine is double that of oxygen ; and sulphur 
one-sixth of chlorine. Hydrogen, nitrogen, chlo- 
rine, bromine, iodine, carbon, and mercury, in a 
gaseous , state, have the same combining volume ; 
oxygen, phosphorus, and arsenic, one-half; sulphur, 
one-sixth. Compound bodies in a state of vapour 
yield the same results.- 



WEIGHT. 

By the term weight is meant the whole amount 
of matter a body contains, and this is generallv 
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expressed in grains. Specific weight, or specific 
gravity, is the number which expresses the ratio 
which the weight of a cubic inch of the body bears 
to the weight of a cubic inch of distilled water at a 
temperature of 60^. 

Tlie specific gravity of — 

Flatina .21 

Gold 19 

Lead 11 

Copper 8 

Iron 7 

So that in the same bulk we have three times 
more matter in platina than iron, and iron is seven 
times heavier than its own bulk of water. In 
gases, air is taken as 1000 ; and the specific gravity 
of gases are referred to that standard. Great skill is 
required in determining the specific gravity of gases 
or vapours, and nothing short of practice can give 
accuracy in the results. 

Atomic weight, or equivalent weight, is a term used 
to express the proportion in which bodies combine 
chemically. The atomic theory was first promulgated 
by Dr. Dalton. It assumes the existence of indivisi- 
ble particles, molecules, or atoms ; that compounds are 
formed by the union of these atoms, one to one, one to 
two, one to three, and so on. The compound atom thus 
formed unites itself to the compound atom of another 
kind, and combination of the second order results. 
If it be allowed that the relative weights of these 
atoms are in the proportion of their equivalent num- 
bers, the hypothesis renders satisfactory reasons for 
the laws of combining proportion. Chemical com- 
pounds must be definite in their composition, always 
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containing the same number of atoms. The law of 
multiple proportion is also easily explained. An 
amto of nitrogen unites with one, two, three, four, 
and five of oxygen. If the black circle represent 
the nitrogen atom, and the open circles the oxygen, 
we may help our understanding by the following 
:ram: — 



NO 


Protoxide of Nitrogen 


• #0 


NOa . 


Binoxide of Nitrogen 


. OiO 


NO, . 


Nitrous acid . 


dfo 


NO4 . 


Hyponitric acid 


# 


NO5 . 


Nitric acid . 


^ 



CHEMICAL NOMENCLATUBE. 

In early days, fanciful names were given to chemical 
compounds ; many of these names have been retained 
in common use, such as oil of vitriol, aqua fortis, 
spirits of hartshorn, spirit of salt, cream of tartar^ 
sugar of lead, blue stone, fiower of zinc. Lavoisier 
introduced a new nomenclature, which satisfied for 
some time all the requirements of science. In organic 
chemistry, which is a new department of science, the 
defects of this nomenclature is sometimes felt. Some 
of the elementary substances have names referring 
to some peculiarity of the body : such as barium, < 
antimony, chromium, chlorine, &c. When any of 
the non-metallic elements combine with a metal, 
the compound ends in ide. So we have oxides, bro- 
mides, chlorides,* iodides, carbides, phosphides, and 

c 
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sulphides. Carburet, sulphuret^ and phosphoret are 
sometimes used. 

A compound of oxygen and iron, FeO, is the oxide 
of iron ; by replacing the oxygen with chlorine, sul- 
phur, or iodine, we get the chloride, sulphide, and 
iodide of iron. K the non-metallic bodies com- 
bine with each other, they are similarly named ; as, 
sulphide of carbon, chloride of sulphur, phosphide of 
hydrogen. 

The oxides are generally divided into three classes. 
The oxides which resemble potash, soda, and lime, are 
called basic oxides. The oxides of the second class are 
the yery opposite in chemical relationship to the first, 
and are called acids. Phosphoric, sulphuric, chloric, 
and nitric acid may represent this class of oxides. 
There is a third class called neutral oxides, of which 
water and the binoxide of manganese are good illus- 
trations. It frequently happens that a metal unites 
with oxygen in several proportions: in such cases, 
one oxide has generally a strongly marked basic cha- 
racter ; to this the term protoxide is given. The 
compounds next are called binoxide or deutoxide, 
teroxide or tritoxide ; the highest oxide, not having 
acid properties, is called the peroxide. Any com- 
pound containing less oxygen than the protoxide is 
called a suboxide. If an oxide should occur between 
the protoxide and binoxide, it is called the sesqui- 
oxide. 

If the letter M represent a metal, and if oxygen 
unite with it in several proportions, we shall have -^ 

M2O suboxide, MO protoxide, 

M2O3 sesquioxide, MO2 binoxide, 

MOs teroxide, MO4 quadroxide 

By substituting chlorine, or any of the other me- 
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talloids for the oxjgen, we shall have the subchloride, 
protochloride, bichloride, i&c. 

When the metalloids unite, compounds are gene- 
rally formed which have acid characters. The acid 
compound containing most oxygen has the termina- 
ction in u; ; as, sulphuric, nitric, chloric, phosphoric. 
The compound containing the next less quantity 
of oxygen terminates in otu ; phosphorous, chlorous, 
sulphurous. When other compounds were discovered 
the prefixes ht/per and h^/po were introduced. 

Hypophosphorous acid • • . FO 

Phosphorous acid PO3 

Phosphoric acid PO5 

Sulphurous acid SO2 

Sulphuric acid SO3 

Hyposulphurous acid .... S2O2 

Hyposulphuric acid . . • • S2O5 

Protoxide of nitrogen . . . NO 

Binoxide of nitrogen .... NO2 

Nitrous acid NO3 

Hyponitric acid NO4 

Nitric acid . • NO5 

Hypochlorous acid CIO 

Chlorous acid CIO3 

Hypochloric acid CIO4 

Chloric acid CIO5 

Perchloric acid CIO7 

The prefix per is usually given to indicate the 
highest or most intense, in the case of metals it is 
given to the highest oxide destitute of acid pro- 
perties. The nomenclature of a salt is derived from 
that of the acid. When the acid ends in ic the salt 
ends in ate — sulphate of lime. When it terminates in 

02 
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out the salt ends in ito— -nitrite of soda. Hyponitrate, 
hyposulphate, hTponitrite, hjpophosphite, &c« 
Bisulphate, M0.2S0„ sesquisulphate 2M0.8SO,. 



BASIC OXIDES. 

It has been stated that the metallic oxides are 
divided into bases, acids, and indifferent bodies. 
Several of the metals combine in different proportions 
with oxygen, and the chemical character of these 
compounds is determined in a great measure hj 
the quantity of oxygen they contain. The oxides 
of manganese afford a good illustration. The prot- 
oxide, MnO, is a powerful base, the sesquioxide, 
MnjOj, is feebly basic. The binoxide or peroxide, 
MnO], is an indifferent body; while MnOs, manganic 
acid, and Mn^Oy, permanganic acid, are acid bodies. 
Very few of the metals form acid oxides, or indifferent 
bodies ; but the next oxide after an indifferent body, 
has acid properties. The most important basic oxides 
are the following. The symbols of these bases should 
be committed to memory. 

List of Basic Substances. 



Kamei. 


Colour. 


Symboli. 


Potash. 


White 


. KO 


Soda . 


Ditto 


. NaO 


AmTnonia 


Ditto 


. NH,0 


Baryta . ... 


Ditto 


. BaO 


Strontia 


Ditto 


. SrO 


Lime . 


Ditto 


. CaO 


Magnesia 


Ditto 


. MgO 


Alumina 


Ditto 


. A1,0, 


Sesqnioxide of chromium 


Green 


. CrjO, 


Protoxide of iron 


Black 


. FeO 


Sesquioxide of iron* . 


Brownish 


Red . . . Fe^O, 


Oxide of zinc . 


White 


. 2fnO 


I^toxide of manganese 


Greenish < 


Grey • . MnO 
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Names. 
Protoxide of nickel 
Protoxide of cobalt 
Oxide of silver . 
Protoxide of mercury . 
Binoxide of mercury . 
Oxide of lead . 
Oxide of cadmium . . 
Oxide of copper 
Protoxide of bismuth . 
Protoxide of tin 
Binoxide of tin . 
Teroxide of antimony . 
Teroxide of gold 
Binoxide of platinum . 



Colour, Symbols. 

Grey . . . NiO 

Ditto . , . CoO 

Brown . . . AgO 

Black . , . HgO 

Red . . . HgOj 

Yellow or reddish y^low PbO 

Brown or yellowish brown CdO 

Black . . . CuO 

Yellow . . . BiO 

Black . . . SnO 

Light straw colour . SnO, 

Greyish white . . SbO, 

Brown . , , AuOj 

Brown . . , PtO« 



Most of these bases are insoluble in water : those 
which are soluble restore the blue colour of litmus, 
which has been reddened bj an acid. Soda, potash, 
and ammonia are called alkalies : the latter is called 
the volatile alkali. These bodies are soluble in.water, 
and neutralise the strongest acids. Baryta, strontia, 
lime, and magnesia, are called alkaline earths : except 
magnesia, they are all soluble in water, but less so 
than the alkalies. Alumina is insoluble in water, 
and belongs to the earths. 

It may appear strange that the terms protoxide 
of potassium, protoxide of sodium, protoxide of am- 
monium, are not applied instead of potash, soda, am- 
monia, baryta and lime. There can be no doubt 
but protoxide of potassium is the correct term for 
potash, but when these names were given they were 
coofiidered simple bodies, and the terms potash, lime, 
fitill continue in use. In writing out simple che- 
mical Ibrmula, figures frequently occur. A little 
£gure to ike right merely shows the number of equi- 
valents of the element taken, which stands to the left 
of the figure. Carbonic oxide, CO, means one equiva- 

C3 
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lent of carbon and one of oxygen. Carbonic acid, 
CO3, means one equivalent of carl>on and two of 
oxygen. Sesquioxide of iron, Fe^Os, i^esuis two 
equivalents of iron and three of oxygen. The bin- 
oxide of mercury, Hg02> means one equivalent of 
mercury and two of oxygen. The biniodide of mer- 
cury, Hglg, means one equivalent of mercury and 
two of iodine. The terchloride of gold, AUCI3, means 
one equivalent of gold and three of chlorine. The 
terhydride of arsenic, AsHj, means one equivalent of 
arsenic and three of hydrogen. Hydrides must not 
be confounded with hydrates. The former is a union 
of hydrogen with some other body ; the latter is a 
union of water with some substance, as the hydrate 
of lime, CaO,HO. When compounds of the metal- 
loid and metal are written symbolically, the metal is 
placed first. Chloride of calcium^ CaCl. 

Exercise. 

Write out the names of these compounds : — 

CaS. PbCl. NH4S. FeS. 

FejBrg. NH4CI. CuOj. MngOj. 

Agl. CaF. AuBr,. FoaSs. 

SnClj. SnCL CraO, CaF 

When the metalloids combine, the hydrogen is placed 
before the other metalloid, except in the case of 
phosphorus and carbon, CH. PH. 

ACID BODIEa 

An acid body was formerly defined as an oxidised 
compound which had a sour taste, turned blue litmus 
red, and neutralised alkalies. This definition is not 
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sufficient : because we know many compounds without 
oxygen that have all the properties of an hydrochloric 
acid, HCl, and some bodies, such as carbonic and boracic 
acid, cannot neutralise the alkaline reaction of potash. 
Chemists now regard as acids all those compounds 
which unite with potash and soda, and give rise to 
compounds similar in their composition and character 
to the salts which sulphuric, nitric, or some admitted 
acid forms when combined with these alkalies. 

The oxygen combinations with the metalloids form 
acids with very few exceptions. The hydrogen com- 
pounds of the metalloids are also chiefly acid. When 
oxygen acids combine with water, they are called 
hydrated acids, hydrated sulphuric acid, H0,S03. 
When they are deprived of this water, they are anhy- 
drous, SO3. Acids are monobasic, bibasic, or tribasic, 
according as they unite with one, two, or three 
equivalents of base. All the acids in the following 
list are monobasic, except phosphoric^ arsenic, and 
arsenious acid. 



OzTOEN Acids. 

Salphorons acid « . gas . . . SO, 

Sulphuric acid [oU of vitriol] fluid . . HO,SO, 

Nitric acid [aqua fortis] . fluid . . HOjNOj 

Chloric acid . . fluid . . HO.CIO, 

Oxalic acid . . solid . H0,CA=HO,O 

Phosphoric acid . . solid tribasic. SHOjPOj 

Carbonic acid [choke damp] gas . . . CO, 

Arsenious acid . . solid bibasie » 2HO,A80, 

Arsenic acid . . solid tribasic. SHOyAsO, 

Chromic acid . . solid • * • CrO, 

Boracic acid . . solid . . . BO^ 
Silicic acid [silica, quartz, 

sand] . : . solid < • • SiOs 
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Htdsoosk Acids. 

Hjdroehloric acid [nmriatic 

■cid, spirit of salts] . gas . • • HCl 
Hjdrosalphiiric acid [snl- 

phnretted hydrogen] . gas • • • HS 

Hjdroflaoric acid • . fluid . • • BF 

Hydriodic acid . • . gas . • .HI 

Hjdrobromic acid . . gas • • HBr 
Hydrocyanic acid [pmssic 

add] . . . fluid . . HCtN-HCy 



SALTa 

There are two classes of salts, oxygen and haloid 
salts. Oxygen salts are formed by the union of an 
oxygen acid with an oxygen base, KO, SO3, sulphate 
of potash. Haloid salts are formed bj the radical 
of a hydrogen acid united to a metal, NaCl, chloride 
of sodium : here the radical of HCl, hydrochloric acid, 
is chlorine, which united to sodium forms common 
salt, — the type of this class of salts. Nearly all salts 
are solid at the common temperature, and have dif- 
ferent afl&nities for water. The nitrate of lime and 
the nitrate of magnesia, the chloride of calcium and 
the silicate of soda, attract sufficient moisture from 
the atmosphere to become liquid : others undergo 
scarcely any change. Salts differ greatly in their 
degrees of solubility ; some dissolve in less than their 
weight of water, while others are quite insoluble. 
Soluble salts crystallise out when their solutions are 
evaporated. The form which they assume in crys- 
tallising is always constant, and forms a character by 
which they are frequently distinguished. Some salts, 
in crystallising, unite with a definite quantity of water, 
called water of crystallisation. This water of crys- 
tallisation is held by a very feeble affinity : a moderate 
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heat is sufficient to expel it. A portion of water is 
frequently retained with such force that it cannot be 
expelled without decomposing the salt. When this 
is the case, it is called essential water of crystal- 
lisation, and is expressed by the symbol HO. When 
the water is non-essential, it is expressed by the Latin 
word aqua. The following formulsd of salts must be 
studied. The letter M stands for a metal. 



General Formtdce of the more important Salts, 

OxTQBN Salts. 

Sulphites 
Sulphates 
Nitrates 
Chlorates 

Oxalates 



Phosphates . 



MO,SO, 
MCSOj 
MO,NO. 

Mo,ao, 

M0,0 



3M0,P0, 



Carhonates 

Arsenites 

Arseniates 

Chromates 

Borates 

Silicates 



MO,COa 
2MO,A803 
SMO.AsOj 
MOCrOj 
MO,BOs 
MO,SiO, 



Chlorides (mnriates) . MCI 
Sulphides (solphurets) . MS 
Flaorides . . . MF 



Haloid Salts. 

Iodides 

Bromides 

Cyanides 



. MI 
. MBr 
. MCy 



It is seen by these formulas how the terminations io 
and ous in the acids change into ite and ate in salts. 
Oxygen acids unite with metallic oxides, and form 
oxygen salts. Write out the following salts : — 



NaO,S02. 

NH40,S03. 

BaO,S03. 

CaOjSOj. 

MgO,S03. 

ZnO,S03. 

FeO,S03. 

CuOjSOj. 



K0,S02. 
NaO,S02. 

NH40,S02. 

AgO,COa. 

SrO,C105. 

Hgl. 

HgO,Cr03. 

K0,G105. 



K0,N05. 

ZnS. 

HgSj. 

FeCl. 

NH4a^. 

NoO,0. 
KCy. 

AnCyj. 



HgCy. 

FcaCyg. 

NiO,S03. 

CdO,S03. 

HgCy^. 

Pbl. _ 

PbO,0. 
BaO,N05. 



22 BLEMENTABY CHBMISTBT. 

There are three kinds of salts ; neutral salts, acid 
salts, and basic salts. All salts are now regarded as 
neutral when thej contain as many equivalents of acid 
as there are equivalents of oxjgen in the base, KOSO^, 
AljOsdSOa, Sn032SOa. If no prefix is employed to 
indicate the quantity of acid or base, a neutral salt is 
always meant : thus, protosulphate of iron, FeO,SOa * 
sulphate of the sesquioxide of iron, Fe^OsySSOs. 



Exercises, 

Write out sulphate of alumina, sulphate of binoxide 
of mercury, sulphate of teroxide of antimony, chlorate 
of protoxide of mercury, nitrate of the sesquioxide of 
iron, sulphate of the sesquioxide of chromium. An 
acid salt contains more equivalents of acid than there 
are equivalents of oxygen in the base. 

There are two kinds of acid salts, one in which 
the dry acid is in excess, the other in which it is in 
excess in the hydrated state KO,C02,HO,C02 ; the 
bicarbonate of potash in which the hydrated acid is in 
excess ; KO,2C02, the bicarbonate of potash, in which 
the dry acid is in excess. The hydrated acid salts 
are now regarded as double salts, in which one base 
is water. The prefix bis is employed when the salt 
contains two equivalents of acid to one of base, as 
bisulphate of soda, NaO,2SOs* Biborate of magnesia, 
MgO,2B08. Sesqui is employed to indicate two of 
base to three of acid, as sesquicarbonate of ammonia, 
2NH40,3G02. The prefix Ur is used to indicate 
three of acid to one of base, as terborate of magnesia, 
MgO,3B03. 

Basic salts contain an excess of base. The terms 
bibasic and tribasic are used to indicate this excess ; 
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as, bibasic phosphate of lime, 2CaO,P06, tribasic 
arseniate of soda, 3NaO,As05. All salts ^are basic 
which contain more than one atom of base for one of 
acid : we have bibasic arseniate of lime, 2CaO,As05, 
bibasic arseniate of soda, 2NaO,AsOf, tribasic phos- 

Ehate of soda and anmionia, NaO,NH40,HO,P05. 
a poljbasic salts the base may be, as we have jyst 
seen, of different kinds. There are double oxjgen 
salts, and double haloid salts. Sulphate of soda and 
lime, NaO,S03 -f- CaO,S03. Compounds of two ele- 
ments are called binary compounds, as all the oxides 
and haloid salts, potash, KO, chloride of sodium, 
NaCl. When two binary compounds unite, a ternary 
compound is formed, sulphate of potash, K0,S03 
oxygen salts. A quaternary compound is formed 
when two ternary compounds combine together as all 
double oxygen salts, AJj08,3S03+KO,S03. 

The plus sign is used in formulae to show the ar- 
rangement of the elements and their degree of affinity 
in the compound. The comma is used to separate 
ternary compounds into binary, and to indicate the 
force of affinity which binds the elements or compounds 
together, K0,N05. The potassium and oxygen are 
united by a greater affinity than the nitric' acid and 
potash, and it would be much easier to separate 
the salt into nitric acid and potash, than into nitro- 
gen, oxygen, and potassium. When a large figure is 
placed on the line it multiplies all the elements on 
the right of it as far as the first comma or plus sign ; 
if before a bracket it multiplies all in that bracket, 
2SO3, two equivalents of anhydrous sulphuric acid ; 
80029 three equivalents of carl>onic acid ; 3FeO,0029 
means three equivalents of protoxide of iron and 
one of carbonic acid ; but 3(Fe0,002) signifies 
three equivalents of the protoxide of iron, and three 
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equivalents of carbonic acid — in short, three eqtdva- 
lents of the protb-carbonate of iron. When more 
than one equivalent of anj ternary compound is ex- 
pressed, it should always be placed in brackets with 
the figure outside: — 

3AUCI3. — Three equivalents of the terchloride of 
gold. 

2Cr3Cl3. — Two equivalents of the sesquichloride 
of chromium. 

2(PtCl,ECl).— Two equivalents of the chloride of 
platinum and potassium. 

2FeL — ^Two equivalents of the proto-iodide of iron. 

3(NH40,N05). — ^Three equivalents of the nitrate 
of ammonia. 

3(Fea08,35) or 3(Fea08,3C208 + HO).— Three 
equivalents of the oxalate of the sesquioxide of iron. 

2MgO,3SiO,+2HO.— One equivalent of the ses- 
quisilicate of magnesia, and two of water. 

3(Alj03,3S03 + KOjSOg + 24aq).— Three equiva- 
lents of the sulphate of alumina and potash and 24 
equivalents of non-essential water. 

Interpret the following formulae : — 

3AsH8. 2MgO,NH40,P05. 

BaO,COa + CaOjCOa. MnOjSOg + NaO,SO,. 

Cual. Cra08,3HO. 

NaO,HO. 3(2CuO,A808). 

3(MgO,C02) + aq. 2NaO,HO,P05. 
KO,C208 + HO, or K0,0. CaOjCjOs +2H0. 

CaO,3Si08. CaOjCOa + 3Mg0,C0a. 

2CuO,HO,PO«. Ala08,3HO. 
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HEAT. 

The term Caloric was introduced by Lavoisier to 
distinguish the cause of heat from the sensation. The 
terms caloric and heat are now used as synonymous. 

The greater number of bodies, gaseous, liquid, and 
solid, expand when heated. Solids expand least, 
gases most ; liquids seem to be intermediate. 

Solids have an expansibility peculiar to them- 
selves. Metals are the most expansible, zinc most, 
platinum least ; glass, brick, porcelain, marble, stone, 
have small expansibilities. Gases undergo the same 
expansibility for additions of the same amount of 
heat, but liquids and solids have specific expansi- 
bility, that is, each has an expansibility peculiar to 
itself. Liquids, and solids, by the addition of the 
same heat, expand to a different extent. Solids and 
liquids expand more at high temperatures than at 
low. That is, if we had a piece of metal at the tem- 
perature of the air, and applied heat, it would expand 
to a less degree than if the heat had been applied when 
it was red hot. 

The Thermometer,' — A glass tube of uniform bore is 
taken, and one end blown into a bulb, in the blowpipe 
flame of a lamp. The bulb, when nicely formed, is 
carefully heated over the flame of a spirit lamp. This 
causes nearly all the air to be expelled. The open 
end of the tube is then placed in a vessel containing 
mercury. As the bulb cools the pressure of the air 
on the surface of the mercury drives a portion of the 
fluid into the bulb. By applying heat so as to cause 
the mercury to boil, the remainder of the air is driven 
out. Heat is now applied till the column of mercury 
rises to the top, it is then hermetically sealed by 
iihe blowpipe. The contraction of the mercury leaves 
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a vacuum in the upper part of the tube which is 
essential to the perfection of the instrument. It has 
now to be graduated. Two points are taken. The 
temperature of melting ice or a mixture of ice and 
water; — the freezing point of water and the melting 
point of ice is always constant. This constitutes the 
freezing point. The boiling point of water is always 
constant, regard being had to the height of the baro- 
meter when great accuracy is required. This consti- 
tutes the boiling point These points are marked, 
and the interval divided into degrees : the division is 
entirely arbitrary. In Europe and America the Cen- 
tigrade scale is used ; in England, the scale known 
as Fahrenheit's, is employed. In the F. thermometer 
the interval between the freezing and boiling points is 
divided into 180^, in the Centigrade it is divided into 
100°. In F. the temperature of ebullition is expressed 
at 212°. In Russia, Reaumur's scale is used, which 
commences at 1° and the boiling point is at 80^. It is 
sometimes desirable to reduce these to the same scale. 

One degree of F. = ^ of R. 
ditto of F. = I of the C. 

Multiply the number of degrees of F. above or below 
the freezing point by 4, and divide by 9 ; the sum 
will indicate degrees upon R. 

F. 50 - 32 = 18 X 4 = 72 -+- 9 = 8° R. 
F. 185 - 32 =: 153 X 4 = 612 -+- 9 = 68^ R. 

R. 8 X 9 = 72 -H 4 = 18 + 32 = 50^ F. 
R. 68 X 9 = 612 -H 4 = 153 -h 32 = 185° F. 

F. 86 - 32 = 54 x 5 = 270 ^ 9 = 30° C. 
F. 176 - 32 = 144 X 5 = 720 ^ 9 = 80° C. 

C. 30 X 9 r= 270 -H 6 = 54 + 32 = 86** F. 
C. 80 X 9 = 720 -s- 5 « 144 + 32 = 176° F. 
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A mercurial thermometer may be graduated up to 
570^ a few degrees above this point mercury begins 
to volatilise. 

When very low temperatures have to be indicated, 
a spirit thermometer is used as the greatest attain- 
able cold does not freeze the liquid, but it boils at 
14P. 

A thermometer reveals to us the intensily of heat, 
not the quantity, for a test tube of boiling wat^ 
raises the mercury to the same point as a pail full, 
although the larger quantity must contain the most 
heat. 

When directions are given to raise the temperature 
of a body to 110° it means that heat is added suffi- 
cient to raise the mercurial column to 110°. 

Specific Heat. 

Dififerent substances require dififerent degrees of 
heat to raise them to the same temperature. This 
is called specific heat. 

If lib. of HO at 100° be mixed with Ub. at 40°, the 

mean temperature will be ^^ = 70°, 

In the same way, the mean temperature of the 

same liquids may be found when mixed together, 

., 80 + 20 -^o 120 4-40 ^o 
oil — ^ — = 50^ ; mercury Z-i- = 90°. 

But if lib. of HO at 100° be mixed with lib. of 
olive oil at 40°, we shall not have the mean tempera- 
ture of 70° but 80°. In the same way, if lib. of mer- 
cury at 40° be mixed with lib. of HO at 100°, we shall 
haye a temperature of 98°. Now, the water parted 
with 20° of heat in the case of oil, which was sufficient 
to raise its temperature 40°, that is from 40° to 80°. 
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In the case of the mercury, the HO parted with only 
2°, which was sufficient to raise the mercurj 58^ from 
40*^ to 98^ : equal weights of the liquids being taken 
in the experiment. From these experiments it ap- 
pears that equal weights of HO, oil, and Hg, require 
different degrees of heat to raise them to the same 
temperature. 

Solids may be easily experimented on if lib. of iron 
be taken and raised to a given temperature, and im- 
mersed in lib of HO at a known temperature, we can 
easily determine the specific heat by the increase of 
temperature, the same as by mixing two liquids 
at a different temperature. Specific heat is gene- 
rally taken with reference to equal weights rather 
than equal volumes. 1 lb. of HO in rising to a given 
temperature, requires or absorbs thirty times more 
heat than lib. of Hg. If Hg be taken as 1, water 
will be 30. The great specific heat of HO is very 
important : it rises in temperature slowly, and parts 
with its heat slowly, which tends to equalise the 
temperature of the air and earth. The small specific 
heat of Hg is useful. No relation exists in the table of 
specific heats when equal weights of different bodies 
are taken, but if equivalent weights be taken, then we 
have a relation. Let us take 16 oz. of S, 28 of Fe, 32 
of P, 6 of C. Let these equivalent quantities be then 
raised to the temperature of 212^, and afterwards im- 
mersed in water at 60^, so as to observe how much 
each raises the temperature of the liquid. By such 
an experiment we shall find that 16 parts of sulphur 
and 28 of iron will raise the water to the same tem- 
perature, while the phosphorus will raise it four times 
higher. It thus appears that the specific heats of 
sulphur and iron, when taken in equivalent quantities, 
are the same, whilst phosphorus is four times greater. 
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Latent Heat. 

When any eolid body is converted into a liquid, a 
large amount of heat is observed to enter it without 
raising its temperature. This heat serves to liquefy 
the body without increasing its temperature. The 
water which flows from melting ice is no hotter than 
the ice ; the heat it contains is not sensible, nor does it 
affect the thermometer ; it is called latent heat. If a 
piece of ice be hung in a warm room it melts slowly. 
This would not be the case if a small amount of heat 
was only necessary to liquefy it. It gathers heat from 
surrounding objects, which is all expended in liquefy- 
ing the body. K a cubic inch of ice be taken and a 
cubic inch of water, and the temperature of the water 
lowered to 32°, and the ice and water removed into a 
warm room, and a thermometer placed in the water, 
we shall be able to ascertain the amount of heat the 
water receives in a given time. Let us suppose the 
thermometer to rise 7° every half hour, and the time 
observed till the whole of the ice is melted. There 
will be 14° of heat added every hour : by these means we 
shall be able to ascertain how much heat disappears, or 
becomes latent in converting the ice into water. It 
will take lOJ hours to liquefy the ice. The water in 
this experiment was only 40°, or 8° above 32°. Now, 
if we multiply 7 X 21, we have 147 — 8 = 139, the 
number of degrees of heat absorbed, or rendered latent 
in converting the ice into water; in other words, 
139° of heat have become latent. Kwe take 1 oz. of 
powdered ice or snow, and 1 oz. of water at 172°, the 
ice will be melted, and we shall have 2 oz. at 32°. 
The water lost 140° of heat, and the ice absorbed it ; 
but if we take water at 32°, and water at 172°, we 
shall have the mean temperature of 102°. What we 
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have said as regards ice, holds good with all solids : a 
certain amount of heat is in all cases rendered latent. 
The following table shows the latent heat of different 
bodies: — 

Water 140 

Sulphur 145 

Lead 162 

Wax 175 

Tin 500 

When water freezes, the 140^ of heat abandon it, 
and manifest itself in a free or sensible state. J£ a 
flask of boiling water be saturated with the sulphate 
of soda, and the cork withdrawn and a rough body 
introduced, the soda will become solid, and the sud- 
den conversion of the liquid into a solid causes it 
to part with its heat ; if a thermometer be intro- 
duced the mercury in it will rise 30^ or 40° ; this is 
precisely what takes place in the freezing of water. 
Solids in becoming liquids render a large amount of 
heat latent, and liquids in becoming solids part with 
the heat previously rendered latent. 

When solids are compelled to liquefy rapidly 
without a free supply of heat, the temperature of sur- 
rounding objects is lowered. Salt in water, or nitre, 
causes the thermometer to fall several degrees. If 
NaOySOs and snow be mingled together the tem- 
perature falls to zero. CaCl mixed with snow, lowers 
the temperature so as to freeze mercury. These are 
called freezing mixtures. 

Latent Heat of Gases, — It is not necessary for a 
liquid to boil in order to produce vaporisation. The 
drjdng up. of water by its gradual conversion into 
vapour is a phenomena with which we are all familiar. 

Jf water be raised to 212^ it is converted into 
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steam, but the steam is the same temperature as the 
water. If it were only necessary to raise water to 
212^ to convert it into vapour, it would, as soon as it 
attained that temperature, explode into steam, like 
gunpowder. A cubic inch of water will make a cubic 
foot of steam. If vapours contained no more heat 
than the liquids, thej would immediately, condense 
into liquids as soon as they came in contact with any 
body lower in temperature ; but it is found necessary 
to expose them to a great amount of cold. Ice in 
becoming water, renders a large amount of heat 
latent ; water in becoming steam also renders a large 
amount of heat : what occurs with water occurs with 
all liquids. 

If a vessel with water, at 32^, be placed over a 
regular source of heat, and the time observed neces- 
sary to raise it to 212°, it will require five times 
longer before the water is entirely converted into 
steam. Now the water has been raised through a 
temperature of 180% say in one half hour, we multiply 
180 X 5, which is the number of hours taken, and we get 
900°: yet the steam has only the temperature of 212°. 
What has become of this enormous amount of heat ? It 
has been rendered latent in the steam, and this can be 
demonstrated by condensing the steam, and observing 
the amount of heat evolved. Let the steam be con- 
ducted into ice-cold water, and it will part with its 
latent heat, and raise the water to its boiling point. If 
1 1 cubic inches of water be taken at 32° and raised to 
212° by the steam of 2 cubic inches of water, we 
shall have 13 cubic inches at 212°. 2 cubic inches 
of water, in the form of steam, have raised 11 cubic 
inched of water, mercury 180°, and the whole 13 
cubic inches have a temperature of 212°. If a cubic 
foot of steam, at 212°, be contained in a close vessel. 
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and 5^ inches of iceHsold water, at 32^, be injected 
into this vessel, we shall have 6^ cubic inches of 
water at 212^. Now it is evident iihttt in fetamzng 
to a state of water the steam has given out sufficient 
heat to raise 5^ cubic inches of water from 32^ to 
212°. The heat which was latent in the steam has 
now been made sensible in raising the 5^ cubic inches 
of water through 5^ times 180° of heat, viz. 990^ 

CRTSTAELISATION. 

In order that a body may crystallise it is /necessary 
that the particles be free to move ; when this oecaps 
they arrange themselves in most cases in regular 
crystalline forms. 

From this it appears that all crystalline bodies must 
at some time have been fluids. The regular forma- 
tion of a crystal may be seen by splitting it, virhich 
may be easily done with some crystols. If the sub- 
division of the crystal be continued in those direc- 
tions called planes of cleavage, a symmetrical figure 
is obtained which is the primitive form of the crystal, 
which may widely differ from the figure at first ; 
should this be the case the latter will be the aecondavy 
form of the crystal. By subdividing the primitive 
form you get a number of minute fractions resembling 
it in figure ; these are regarded as the type of .the atonois 
of which the body is composed. 

Among natursd crystalline 'forms we may mention 
rock crystal, quartz, granite, calcareous spar, fiuor 
spar, copper ore, pyrites, the loadstone, snow, and ice. 
Artificial crystals, — alum, common salt, saltpetre, 
sulphate of copper, sugar, sulphur, and bismuth, and 
a variety of others. 

In the tinning of iron plates the crystallism of 'the 
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tin 18 evident when acted on by nitric acid, producing 
the Mora antique, as also in the galvanising of iron. 
The planes of cleavage are seen in lead ore, Iceland 
spar. 

When Iceland spar is broken it gives perfectly 
formed rhomboidal crystals. 

The primitive form is in most cases taken as the 
basis of classification of different crystalline bodies. 
The chief points to be attended to in crystals are 
the angles and the centres of their edges and sides. 
The lines joining these points and passing through 
the middle of the crystal are called the axes. Most 
crystalline bodies have three such axes at right angles 
to each other, « 

These axes are either all equal, or two of them are 
equal, or all three unequal. That one most dissimilar 
from the other two is called the principal axis ; the 
others secondary. In the cube either of the three may 
be regarded as the principal axis. A double pyramid 
has four. 

The term amorphous is applied to bodies destitute 
of any regular form. Dr. WoUaston, however, pro- 
posed another theory ; he regarded small spheres as 
the ultimate particles when placed in the same plane. 

All metals under favourable circumstances assume 
a crystalline form. 

Crystalline forms are generally arranged into six 
systems. 

1. The regular system. The crystals of this divi- 
sion have three equal axes at right angles to each 
other ; the cube, the regular octohedron, and the 
rhombic dodecahedron. Many substances, simple and 
compound, assume this form. The metals, also carbon, 
the diamond, common salt, iodide of potassium ; the 
alumsy fiuor spar, bisulphide of iron. 



34 ELSMBHTABT 0HXMI8TBT 

2. The square prismatic system. These axes are 
all at right angles ; two only are of equal length, 
peroxide of tin, the feirocyanide of potassiam 

3. The right prismatic system. Three axes of un- 
equal length ; the right rhombic prism, — sulphur, 
nitrate of potash, sulphate of potash, sulphate of 
baryta. 

4. The oblique prismatic system. Crystids belong- 
ing to this group, the oblique rectangular prism, the 
oblique rhombic prism — sulphate of soda^ carbonate 
of soda, biborate of soda. 

5. The oblique double prismatic system. Sulphate 
of copper. 

6. The rhombohedral system. Ice, nitrate of soda, 
quartz, arsenic, antimony. 



APPABATUS. 

Expertness and neatness in the construction and 
use of apparatus can only be acquired by practice. 

Corks are of constant use, and they should be of the 
best kind. Before fitting them into apparatus they 
should be softened by rolling them under the foot on 
a piece of paper, so as to keep them free from dust. 

When glass tubes have to be passed through tiie 
cork, holes should be made with a cork-borer rather 
smaller than the tube to be inserted, and nicely eased 
to the proper size with a rat-tail file. If the cork 
should prove porous the exposed parts must be covered 
with a solution of sealing-wax in spirits of wine. 

Grlass tubing may be cut into the required lengths 
by marking round the tube with a three-cornered 
file ; the tube is then easily broken. The depth of 
the mark made by the file must depend on the thick- 
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ness of the. glass. If the tube had to be bent this 
should be done before cutting it. To do this the 
tube must be heated gradually in the flame of a gas 
or spirit lamp, bj turning it round in the flame and 
moving it a little to the right and left;. As soon as 
the tube becomes red-hot it can be easily bent into the 
required shape. A little practice with a few pieces 
of glass tube over a lamp will soon give the experi- 
menter more knowledge than any written instructions. 

India-rubber tubing, which can be purchased any 
size, is used for connecting glass tubes. In connect- 
ing glass tubes by means of India-rubber the ends of 
the tube should not be brought so close together as 
to interfere with the flexibility of the arrangement. 
If the India-rubber tubing does not fit the glass tubes 
perfectly air-tight it must be tied with a bit of 
twine. 

A good supply of Florence flasks will be found 
extremely useful, as they can be fitted up to suit a 
variety of purposes. 

Gas Jars, — Plain cylindrical jars should be from 
twelve to sixteen inches in length and about two and 
a half to three inches in diameter, and about one-eighth 
of an inch in thickness. The open end should be 
ground, so as to be closed air-tight with a piece of 
flat glass. A little grease should be placed on the 
glass plate or edge of the gas jar, so as to ensure per- 
fect tightness. Stoppered jars usually have glass 
stoppers like bottles, and should be ground at the top, 
so as to be closed with a glass plate in the manner 
described for cylindrical gas jars. These jars are 
removed from the pneumatic trough by passing a 
plate or saucer under the bottom. The plate or saucer 
should alwavs contain a little water, so as to prevent 
the access of air and escape of the gas. . 



36 ELEMENTABT CHEMISTRY. 

When substances have to be burned in a gas jar 
they are introduced bj means of a deflagrating spoon. 
This spoon should be fitted with a phite, so as to cover 
the aperture of the jar and allow it to pass the re- 
quired depth into the gas. In burning phosphorus a 
piece not larger than a split pea should be used ; it 
should be carefully dried by gently wrapping it in 
blotting-paper. The phosphorus may then be ignited 
by touching it with a red-hot wire and quickly intro- 
ducing it to about two- thirds the depth of the jar. 

In collecting gases over water, where heat is required, 
the heat should in all cases be applied gradually, and 
the first portions of gas allowed to escape, till a^ the 
common air in the apparatus has been expelled. 

The pneumatic trough should be about two feet 
^^Si eighteen inches wide, and a foot deep, provided 
with a shelf about three inches below the edge of the 
trough. The water should always stand about one 
inch over this shelf. Holas are made in this shelf, over 
which the jars intended to receive the gas are placed. 
The delivery-tube is brought under the open end of the 
jar, and as the gas rises in the jar the water is displaced. 
A spout should be provided to the trough, so as to allow 
the surplus water to pass into a pail. An ordinary 
gas jar is filled with air, and, as no two bodies can 
occupy the same space at the same time, it is neces- 
sary to expel this air before the jar can be filled with 
gas. This is done by immersing the jar sideways in 
the water of the pneumatic trough, turning it over 
with the open end downwards, and gently raising it 
to the shelf of the trough* If the stopper of the jar 
be air-tight the water, although above the level of 
that in the trough, will stand for any length of time 
in the jar. A little acquaintance with pneumatics will 
enable the pupils to understand the reaspn. 



AFFABATUS. 37 

It is sometimes necessary to dry gases. This is effected 
by passing them through a series of Wolfe's bottles 
containing sulphuric acid, or passing the gas through 
a tube, from a foot to eighteen inches long and three- 
quarters of an inch in diameter, filled with the chloride 
of calcium. -. Tubes in the form of a U are frequently 
used. The sulphuric acid and the chloride of calcium 
are called desiccating agents^ because they deprive 
the gases of water. 

In the generation of carbonic oxide, from oxalic 
acid and hydrated sulphuric acid, carbonic acid, and 
carbonic oxide, are evolved simultaneously. The pre- 
sence of the carbonic acid interferes with a careful 
examination of the carbonic oxide. This carbonic 
acid must be removed ; and this is effected by passing 
the gases through a strong solution of caustic potash 
or lime water, which retains the carbonic acid. By 
this method pure carbonic oxide is obtained, which 
is passed into gas jars filled with water at the pneu- 
matic trough. 

When no heat is required to liberate gases or 
gaseous compounds, a two-necked Wolfe's bottle may 
be used. It should be fitted up with two glass tubes. 
The delivery-tube, from which the gas escapes, may 
be about a quarter of an inch in diameter, and pass 
just through the cork of the bottle ; another tube,, 
passing to within a quarter of an inch of the bottom 
of the bottle, and about half an inch in diameter, for 
pouring in acid or water. This saves the trouble of 
taking out the cork, which must be done every time 
fresh acid or water is added, unless the bottle be pro- 
vided with two tubes in the manner described. The 
materials in the bottle should never occupy more than 
a third, and the acid should be added carefully, a little 
at a time, and the materials in the bottle agitated by 

£ 
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a little shaking. A Florence flask may be fitted up 
with two tubes; but the neck is rather too small, 
unless great care be taken in boring the corks. 

The whole of the apparatus for the evolution of 
gases must fit air-tight. Too much pains cannot be 
taken to secure this object; it will save much trouble 
and disappointment. The expression, " That's near 
enough," will not do in chemistry ; it must be exactl j, 
or a satisfactory result cannot be obtained. 

Gases are sometimes collected by displacement.- If 
the gases are lighter than common air, as hydrogen 
and ammonia, or heavier, as chlorine and carbonic 
acid, the pneumatic tiiiugh may be dispensed with. 
But gases of nearly the same specific gravity of 
common air must be collected over water. The same 
generating apparatus as that just described will do, 
provided the flask or bottle will stand heat if required. 
The delivery-tube must pass to the bottom of the jar 
it is intended to fill with gas. This is often done by 
blocking the jar up with pieces of wood of different 
thicknesses. The top of the jar may be covered with 
a piece of card-board, with a hole for the delivery- 
tube to pass through. As the gas collects at the 
bottom it gradually expels all the air, exactly the 
same as if water were poured into the gas jar. In 
.raising bottles or other apparatus let the blocking 
be firm, the largest and heaviest pieces at bottom. 
When the gases are lighter than common air the 
receiver may be supported by a retort-stand, the 
delivery-tube passing upwards to the extremity of 
the vessel intended to receive the gas. When large 
quantities of gas are required, a gasometer is used. 
The most convenient is the one known as Pepy's gas- 
holder. I shall not describe the action of this piece 
of apparatus, because Hre minutes' examination of one 
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of these gasholders will give the student a much 
better idea of its action than any written description. 
The most careful explanation of any piece of me- 
chanism or apparatus must full short of actual ob- 
servation; and the teacher who attempts to teach 
without the objects, when they can be obtained, teaches 
words and not things. 

In chemistry the terms solution, soluble, and solvent 
are frequently employed. Many solid bodies, when 
placed in water, dissolve. Salt and sugar dissolve in 
water. These substances are said to be soluble in 
water ; and the water is called the solvent or men- 
struum. The more a solid is reduced to powder the 
easier it dissolves. If sugar be placed in alcohol, it 
does not dissolve. Here, then, we have an example, 
which may be multiplied to a great extent, of a body 
soluble in one liquid and insoluble in another. A 
solution may be either mechanical or chemical. The 
sugar in water is a case of mere mechanical solution ; 
no chemical change has taken place, and, by evapora- 
tion, the sugar can be obtained in its original condi • 
lion. Salt dissolved in water is another illustration 
of the same kind. In chemical solutions the solid 
and liquid combine together, forming a new com- 
pound, from which the original solid and fluid cannot 
be obtained by evaporation or any mechanical opera- 
tion. When chalk is dissolved in hydrochloric acid, 
or copper dissolved with nitric acid, we have ex- 
amples of chemical solution. A liquid can only dis- 
solve a certain quantity of a solid substance. This 
quantity will vary according to the solid and liquid 
employed. When the solvent or liquid contains as 
much of the solid matter as it is capable of dissolving, 
it is said to be saturated, as all additional quantities 
of the solid fall to the bottom. 

E 2 
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The solubility of most substances is increased hy 
an increase of temperature. 

100 pt«. of water at 60^F. dissolve 1 1 pts. of sulphate of potash. 
»» »» 212 M 25 ft II 

„ „ 60^ „ 82 pts. of dry sulphate of 

magnesia. 
212° ^ 74 



>» »» **« ff i-m II 



Common salt is about as soluble in hot water as 
cold. Some bodies attain their maximum solubility 
at a particular temperature. The solubility of the 
dry sulphate of soda is at its maximum at a tempera- 
ture of 9t3°; but in the nitrate of soda we have the 
order reversed, — water, at 32°, dissolves 80 parts ; 
at 50°, only 23 parts ; but from this point the solu- 
bility increases up to 200 parts at a temperature of 
212° F. 

Substances dissolved in alcohol, ether, oils, and 
water are called simple solutions. The most im- 
portant solvent is water ; and when the substance is 
soluble in this liquid no other is used. 

Elevation of temperature accelerates all chemical 
solutions : heat promotes the action of bodies on each 
other. The quantity of a dissolved body in a chemical 
solution is always the same. When bodies enter into 
chemical combination, they unite in definite and fixed 
proportions irrespective of temperature. Solutions are 
made either in test tubes, Florence fi asks, evaporating 
dishes, or beakers, the size being regulated by the 
quantity of the substance to be dissolved. 

Filters and Filtration, — Filtering-paper should be 
of uniform texture, and sufiiciently porous to admit a 
free passage of the fluid. Filtration is purely a me- 
chanical operation. The object is to separate the 
solid from the liquid, the former collecting on the 
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filter, and the other passing through, which is called 
the filtrate. The filtering- paper is supported by a glass 
funnel, and the funnel may be supported by one of 
the rings of the retort stand. A filter is easily made 
by folding the paper in such a manner as to bring the 
four comers together, and, by opening one corner 
from the other three, a conical cavity is formed. The 
filter may now be placed in the funnel, taking care 
that it is the proper size. It should fit nicely against 
the sides of the funnel, and the substance to be filtered 
added by gently pouring it on the side. If projected 
violently into the centre of the filter, the paper is 
liable to be broken. Nothing short of actually doing 
the thing will give the proper knowledge. It would 
be just as reasonable to expect a man to learn the 
trade of a joiner by reading books on the construction 
of tools, as to expect a pprson to learn chemistry with- 
out proper apparatus ; but this apparatus need not be 
expensive, if the student have (as he ought to have) 
some inventive and constructive power. 
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NON-METALLIC BODIES. 

The metalloids or non-metallic bodies may be 
divided into four classes, each division being cha- 
racterised by a great resemblance in their chemical 
properties : — 



First Division, 

Oxygen, 
Salpbar, 
Seleniatxu 

Second Division, 

Chlorine, 
Bromine, 
Iodine, 
fluorine. 



T^ird Division. 

Nitrogen, 
Phosphorus. 

Fourth Division, 

Carbon, 
SUicon, 
Boron, 
Hydrogen. 



FIBST DIVISION. 

OXYGEN. 
Symbol, ; Equivalent, 8. 

The non-metallic elements, or metalloids, constitute 
a large proportion of the material world. Oxygen 
gas was discovered by Priestley, in 1774, who called 
it dephlogisticated air. It was also discovered 
about the same time by Scheele, a Swedish chemist. 
The term oxygen was given to this gas by Lavoisier. 
This element is largely distributed throughout nature, 
both in the organic and inorganic kingdom. It con- 
stitutes eight parts out of every nine of water, which 
covers three-fourths of the globe. The solid crust of 
the globe is one-third oxygen, as will be seen when 
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we consider the silica, lime, and alumina of which 
the mineral crust is composed. 

The atmosphere is composed by weight of 23 parts 
of oxygen, and 77 parts of nitrogen. By volume it 
contains 79 parts of nitrogen, and 21 parts of oxygen. 

Preparation, — Oxygen may be prepared in a variety 
of ways. By exposing to heat in a small glass retort 
the red oxide of mercury. In this substance the affinity 
which holds the oxygen to the mercury is so feeble that 
exposure to heat is sufficient to cause a separation into 
oxygen gas and metallic mercury. The mercury col- 
lects in small globules in the cold part of the retort, 
and the oxygen passes over as a colourless, inodorous, 
invisible gas : HgO = Hg and free. The chief in- 
terest connected with this method is that it was the one 
adopted by Priestley : it is seldom adopted by chemists, 
as being too expensive. It may also be prepared by 
exposing to a red heat, in an iron bottle or retort, the 
binoxide, or peroxide as it is sometimes called, of 
manganese, MnO^. The oxide of manganese yields 
up half an equivalent of oxygen, reducing it to the 
sesquioxide, Mnl^O which doubled makes MugOs. 
This is the method usually adopted when large 
quantities of oxygen are required, but the oxygen is 
seldom pure. Oxygen may also be prepared by dis- 
tilling in a glass retort the binoxide of manganese 
and sulphuric acid. These materials should be well 
mixed, so that no dry place appears in that part 
of the retort where the materials are placed. If 
this is not attended to, fracture of the retort is 
likely to take place. Sulphuric acid will not unite 
with the binoxide of manganese, but it unites with 
the protoxide readily. The decomposition is easily 
illustrated : MnOg + SO3 = MnO,S03 + O free. 
Oxygen is also prepared by the decomposition of 
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water by voltaic electricity: this is interesting as 
determining the composition of water, the hydrogen 
being liberated at the negative electrode, and the 
oxygen at the positive, in the proportion of double 
the volume of hydrogen to that of oxygen, which is 
the proportion in which these gases combine by 
volume to form water. The usual method of preparing 
oxygen is by heating a mixture of equal parts of the 
binoxide of manganese and the chlorate of potash, 
which should be well dried in a capsule. The man- 
ganese in this case undergoes no change, but the 
gas is given off at a much lower temperature than 
when the chlorate is used alone. In the preparation 
of gases the first part is a mixture of air, and should 
always be allowed to escape. The chlorate of potash 
is composed of 1 equivalent of potassium, 1 of chlorine, 
and 6 of oxygen ; on the application of heat the 
whole of the 6 equivalents of oxygen is given off. 
Decomposition, K0,C106 = KCl + 60. . 

Oxygen, at all observed temperatures is a gas. 
It is not combustible ; that is, it will not burn, but 
it is a powerful supporter of the burning of other 
bodies. It has no acid or alkaline reaction, although 
it enters into the composition of all oxygen acids and 
alkalies. Bodies which bum in air, bum with in- 
creased brilliancy in pure oxygen. A strip of wood, 
if only a spark remain, is instantly rekindled if 
plunged into a jar of this gas. Small iron wire, 
twisted into a spiral like a cork-screw, and the end 
dipped in sulphur, burns with beautiful little sparks. 
Phosphorus, with a white light of great brilliancy ; 
sulphur, with a beautiful blue light ; and charcoal 
bums with beautiful scintillations. In all these cases 
of combustion we have either acids or oxides. In the 
iron we have the black oxide, oxygen and iron^ in 
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the proportion of three equivalents of iron to four of 
oxygen, Fe304. In the phosphorus, phosphoric acid, 
PO5 in white solid flakes, which dissolve in the 
water : in the sulphur, sulphurous acid, SO29 which 
also dissolves in the water. The burning charcoal 
forms carbonic acid. In all these cases chemical com- 
bination takes place between the oxygen and the burn- 
ing body ; and the weight of these bodies is increased 
in exact proportion to the oxygen consumed. All 
the common cases of combustion which take place 
in air are precisely the same as those which take 
place in oxygen. The action in pure oxygen is 
very energetic, owing to the absence of nitrogen. In 
the atmosphere these changes take place in a more 
subdued manner. The respiration of animals is, in 
effect, the same as common combustion. The sub- 
stances in the blood burn away slowly by the 
aid of the oxygen introduced into the system. The 
activity of oxygen never ceases, although the phe- 
nomena of combination is not so marked as those 
just described. An ounce of iron rusting in the 
air, produces just the same amount of heat as if it had 
been burnt like the wire in oxygen. This slow com- 
bustion, unattended by light, extends over several 
years, while the same result could be produced by 
pure oxygen in a few seconds. 

The decay of animal and vegetable substances is a 
process of slow oxidation. The offensive impurities 
of the air and water are destroyed in a great degree 
fyy a slow process of burning. The lungs of land 
animals, and the gills of flsh. are adapted to absorb 
oxygen. The animal from the air, and the fish from the 
dissolved oxygen of the water. An animal confined 
in & given bulk of. air dies as soon as the oxygen is 
consumed ; but if confined in the same bulk of pure 



46 ELEMENTABY CHEMISTBT. 

oxygen, the circulation quickens, and fever and death 
are the results. Such is a brief outline of the rela- 
tionship of oxygen to animal life ; its action seems 
destructive, yet it is the sustainer of life, the main- 
spring of all vital action. Oxygen may be distin- 
guished from every other gas, except nitrous oxide, 
by plunging into it a taper which has just been blown 
out ; if the smallest part is incandescent, it imme- 
diately bursts into flame. 



SULPHUR. BRIMSTONE. 
Symholy S; Equivalent, 16. 

At ordinary temperatures this element is a pale 
yellow crystalline solid. It is often found in a free 
state. Most of the sulphur employed in this country 
comes from Sicily and other volcanic districts. In 
combination with iron, antimony, zinc, lead, and 
other metals, in union with oxygen, as sulphuric 
acid, it combines with lime, baryta, and magnesia, 
forming sulphates. It is present in small quantities 
in all animal and vegetable substances. It exists in 
the albumen of eggs. The blackening of silver spoons 
is owing to the formation of the sulphide of silver. 

Sulphur melts at 230°, becoming a thin amber- 
coloured liquid ; when heated to 430° it thickens 
like treacle. In this state it may be poured from a 
flask into cold water, when it retains for some time a 
soft, flexible condition, like gutta percha ; this is the 
amorphous condition of sulphur. If it be raised to a 
temperature of 790° it boils ; and if the vapour be 
conducted into a cold chamber it condenses in crys- 
tals known as sublimed sulphur or the flowers of 
sulphur. 
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Sulphur, in many of its chemical relations bears a 
close analogy to oxygen. Many of the oxides of the 
metals have corresponding sulphides ; these sulphides 
often unite, forming compounds analogous in com- 
position to salts. The roll sulphur of commerce is 
formed by running it when in a melted state into 
wooden moulds. There are probably seven oxygen 
compounds of sulphur — 

Sulphurous acid SOg 

Sulphuric acid SOg 

Hyposulphurous acid .... S2O2 

Hyposulphuric acid . . . • S2O5 

Sulphuretted hyposulphuric acid . . S3O5 

Bisulphuretted hyposulphuric acid . S4O5 

Trisulphuretted hyposulphuric acid . S5O5. 

The two first only of these compounds will engage 
our attention. 

When sulphur is burned in oxygen, sulphurous acid, 
SO2, is formed. It may also be prepared by heating 
equal weights of sulphuric acid and mercury or 
copper turnings. The sulphurous acid comes off as 
a colourless gas. It must be collected by displace- 
ment as its great solubility in water will not admit 
of its collection at the pneumatic trough. The de- 
composition: — 

^HO,SO, and Hg or Cu=HgO,S08 orCuO,S08+ SOg. 

Sulphurous acid has bleaching properties, and is 
used for bleaching straw used in plaiting, and 
TVOoUen goods. The plaiters in Bedfordshire suspend 
their plait in a tea chest, and set fire to some sulphur 
in an iron dish at the bottom ; the top of the chest is 
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then covered over with a sack. If blue violets, or 
any coloured flowers, be suspended in a jar of this 
gas, the colour is entirely removed. Litmus paper, 
dipped in a solution of sulphurous acid, is first red- 
dened, then bleached. It has also the power of 
arresting animal decomposition. 

Sulphuric acid, SOg. — This is a most important 
compound. It is extensively used in the manu- 
facture of soda from common salt, also in the ma- 
nufacture of chlorine, for bleaching, for dissolving 
indigo, dyeing, calico printing, and numerous other 
applications. The hydrated acid, HOjSOj, has been 
known from the fourteenth century. It is now pre- 
pared by two methods: — from the distillation of the 
sulphate of iron, FeO, SO3 + 7H0, green vitriol, and 
by the oxidation of sulphuric acid with the vapour 
of hyponitric acid, NO4. The first method is that 
adopted on the Continent. The sulphate of iron is 
well dried, and placed in a stoneware retort, which is 
raised to a red heat. The sulphuric acid comes over 
in combination with water. This acid, when strong- 
est, contains two equivalents of acid to one of water, 
HO,2S08. It is much stronger than the English acid. 
Sulphuric acid, when anhydrous, SO3, is a solid, and 
may be obtained by gently heating the strongest acid 
in a retort provided with a receiver, surrounded by 
a freezing mixture. The vapour, on reaching the 
receiver, is condensed into white silky crystals. It 
has no acid properties; but, when thrown into water, 
it hisses like red-hot iron. On exposure to the air, 
it liquefies by the absorption of moisture. The me- 
thod usually adopted in the manufacture of sul- 
phuric acid depends on the formation of sijAphurous 
acid, and its subsequent oxidation into sulphuric 
acid. Sulphur is kindled in a furnace freely supplied 
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with air ; the flame of the sulphur heats a crucible 
containing a mixture of nitre and sulphuric acid ; 
these vapours are conducted into a long leaden 
chamber. The floor of the chamber is covered with 
water, and a jet of steam plays into it. At the 
end of the chamber an exit tube is provided for the 
spent gases. By this arrangement a constant supply 
of sulphurous acid, nitrous acid, water, and atmo- 
spheric air is provided. Two equivalents of sul- 
phurous acid, 2SO2, take two equivalents of oxygen 
from one equivalent of hyponitric acid, NO4, re- 
ducing the hyponitric acid to the binoxide of nitro- 
gen, NO2. This binoxide of nitrogen, in contact 
with the atmosphere, takes two equivalents of 
oxygen, returning to the state of hyponitric acid. 
This hyponitric acid, like the first quantity, again 
gives up two equivalents of oxygen to two equiva- 
lents of sulphurous acid. Water is in all cases 
essential to this change, which may be expressed 
thus: — 

HO +NO4 + 2SO2 = 2S08 + NO2 + HO. 

This is a general outline of the theory of the pro- 
cess. A small quantity of hyponitric acid is sufficient 
to convert a large quantity of sulphurous acid into 
sulphuric. The hyponitric acid plays the part of 
carrier between the oxygen of the air and the sul- 
phurous acid. At intervals the acid is drawn off from 
the floor of the leaden chamber, and is deprived of 
any excess of water by evaporating in shallow leaden 
pans. Sulphuric acid has a great aflinity for water. 
Oases are frequently dried by being transmitted 
through this acid. The nitrate of baryta, or the 
chloride of barium, is a test for sulphuric acid, or 

F 
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any soluble sulphate. A white precipitate is formed, 
which is insoluble in nitric acid. 

Sulphuretted hydrogen, HS, or hydrosulphuric 
acid. This compound of sulphur and hydrogen is 
very useful in the laboratory. It may be prepared 
by the action of dilute sulphuric acid on the protosul- 
phide of iron. The apparatus for hydrogen may be 
used. The change may be expressed thus: — 

FeS + HO,SO, = HS+FeO,SO,. 

Sulphuretted hydrogen, at the common tempera- 
ture, is a gas very soluble in water, having a most 
disagreeable odour, and very deleterious to animal 
life. If ajar of this gas is kindled, it burns a blue 
flame, depositing the sulphur. When mixed with 
chlorine, the whole of the sulphur is liberated. Cold 
water dissolves its own volume of this gas, and the 
solution is kept as a test. It soon spoils by absorp- 
tion of the oxygen, and is best prepared as wanted. 
Jars of this gas may be collected over warm water ; 
but the pneumatic trough, or any painted vessel, must 
not be used, as it will be blackened by the formation 
of a metallic sulphide. This gas is a frequent na- 
tural product. It occurs in the Harrogate waters, 
and is a frequent product of the decay of animal and 
vegetable matter. It has the properties of an acid ; 
reddens litmus, and is called hydrosulphuric acid, 
which must never be confounded with hydrated sul- 
phuric acid, HOjSOs. A piece of white blotting 
paper, dipped in a solution of acetate of lead, is im- 
mediately blackened by the smallest trace of this gas. 
This method is frequently adopted to test the purity 
of coal gas. When it occurs in apartments or drawers, 
it may be entirely destroyed with chlorine. Silver- 
smiths usually burn their gas outside, owing to the 
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sulphuretted hydrogen almost always present in small 
quantities in coal gas, blacking the silver by the 
union of the sulphur with that metal. 

SELENIUM, 

Symbolf Se ; Combining Equivalent, 39*5. 

This is a rare substance, analogous to sulphur, and 
forming seleniates, which are identical with the sul- 
phates. It forms three compounds with oxygen : — 

Oxide of selenium, SeO. — A gas, has the smell of 
horse radish, not acid, and slightly soluble in water. 

Selenious acid, SeO 2. — This is analogous to sul- 
phurous acid. 

Selenic acid, SeOa. — The hydrated acid resembles 
sulphuric acid. 
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SECOND DIVISION. 

CHLORINE. 
Symbol, CI ; Combining Equivalent, 35*5. 

This element is very abundantly diffused throughout 
nature. In combination with the metal sodium, it forms 
common salt. It is never found in its free or uncom- 
bined state. At ordinary temperatures, it is a gas of 
a greenish colour ; and in very small quantities has 
an odour like sea water ; but in large quantities, it 
produces violent coughing and irritation. It is pre- 
pared by mixing, to the consistency of cream, strong 
hydrochloric acid, and the black oxide of manganese. 
Care should be taken that every part is well mixed, 
so that no dry place appears inside the retort or flask, 

F 2 
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or fracture is most likely to result A gentle heat 
should now be applied. When the gas comes over in 
abundance, it should be collected over warm water, 
as cold water absorbs about twice its volume ; or it 
may be collected by displacement, like carbonic acid. 
The reaction is easily understood: — 

2HC1 + MnOa = 2H0 + MnCl + CI. 

Chlorine has little affinity for oxygen ; it combines 
with hydrogen and the metals. J£ a lighted taper be 
immersed in a jar, it bums with a dull red light, with 
an abundant evolution of carbon, in the form of smoke. 
If a piece of blotting-paper be soaked in turpentine, 
and placed in a jar of chlorine, it bursts into flame, 
combining with the hydrogen of the turpentine, and 
liberating the carbon. In both these cases, the chlorine 
combines with the hydrogen to form hydrochloric 
acid, to the exclusion of the carbon, which falls as 
soot — a very good illustration of the superior affinities 
of chlorine for hydrogen. 

Phosphorus combines with chlorine spontaneously, 
but the flame is very feeble. Copper-leaf, powdered 
antimony, and arsenic, all undergo combustion in 
chlorine. If equal volumes of hydrogen and chlorine 
be introduced into a suitable apparatus, and an electric 
spark sent through the mixture, combination takes 
place with great violence. The direct rays of the 
sun produce a similar union. The most remarkable 
property of this gaa is its power of destroying or- 
ganic colouring matters. A solution of indigo, which 
is not affected by strong sulphuric acid, is changed 
into a brown liquid by chlorine, to which the original 
colour cannot be restored. In a perfectly dry state, 
chlorine has no bleaching properties. When in so- 
lution, it may be poured into test-glasses, containing 
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infusions of litmus, purple cabbage, turmeric, carmine, 
cochineal, &c. The colour of these substances will 
be removed. When bleaching is practised on a large 
sdale, it is generally used in combination with lime, 
called bleaching powder. The outline of this process 
can be easily imitated. The bleaching powder is mixed 
with warm water, and the solution filtered. Any 
piece of coloured calico may be taken, providing its 
tint is due to some organic colouring matter. It may 
then be washed in the filtered solution. The liquid 
bleaches but slightly ; but if it be removed from the 
bleaching bath, and rinsed in a bath of dilute sul- 
phuric acid, and this process carried on a few times 
alternately, the whole of the colour is removed. The 
chlorine, when in combination with the lime, is com- 
paratively inactive; but when dipped in dilute acid the 
lime combines with the acid, and the chlorine in the 
presence of water is set free, and manifests its bleaching 
properties. An experiment illustrating this property 
may be performed in the following manner. A piece 
of cotton, dyed with madder, or any organic colouring 
matter, may have any pattern or device stamped 
upon it, or painted with a mixture of gum and 
tartaric acid. The cloth is dried, and afterwards 
rinsed, in a hot solution of bleaching powde^. A 
white pattern on a coloured ground is developed 
in consequence of the acid mixed with the gum libe- 
rating the chlorine, and destroying the colour in those 
parts upon which the pattern was printed. The other 
parts of the cloth are not sensibly affected. 

Chlorine is used as a disinfectant ; it destroys un- 
pleasant and offensive odours. The chlorine is usually 
evolved from chloride of lime, which is dissolved in 
hot water, and a little vinegar or dilute sulphuric acid 
added to liberate the gas. 

V 3 
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Hydrochloric Acid, HCl. — This is a most important 
acid. Hydrochloric acid gas is prepared by heating in 
a properly-arranged flask a mixture of common salt, a 
little water, and sulphuric acid. It must be collected 
by displacement, or over mercury. It is colourless, 
fumes when in contact with the atmosphere, and is 
very soluble in water ; one cubic foot of that liquid 
dissolving about 418 cubic feet of gas. A solution of 
this gas is the acid usually known as muriatic or hy- 
drochloric acid. It may be prepared by mixing equal 
weights of dry common salt and sulphuric acid in a 
fiask, and applying heat ; the gas after being puri- 
fied by passing it through a wash-bottle, and from 
thence into distilled water, by which the gas is ab- 
sorbed. The reaction is easily understood : — 

NaCl + HO,SOs = NaO,S08 + HCL 

A mixture of nitric and hydrochloric acid is called 
aqua regia^ from its property of dissolving gold. 

The presence of any . soluble chloride, or hydro- 
chloric acid, may be detected by adding a solution of 
the nitrate of silver, when a white curdy precipitate 
is produced, insoluble in nitric acid: — 

NaCl + AgO,N05 = NaO,N05, soluble : AgCl, in- 
9 soluble. 

There are five compounds of oxygen with chlorine: — 
Hypochlorous acid . . . CIO. 
Chlorous acid .... CIO3. 
Hypochloric acid . . . CIO4. 
Chloric acid .... CIO5. 
Perchloric acid . . . . CIO7. 

CIO3, CIO4, and CIO 7 are obtained from chloric 
acid. The other compounds are obtained by the 
action of chlorine on metallic oxides. 
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Hypochlorous acid, CIO, is a jellow gas, has very 
powerful bleaching properties, and may be prepared 
by adding the powdered red oxide of mercury to a 
bottle of chlorine containing a little water. The 
bottle should be briskly shaken for a few moments. 
The oxygen of the mercury combines with the chlorine 
to form CIO, which dissolves in the water, and forms a 
compound called the oxychloride of mercury; thus — 

2HgO + 2C1 = HgCl,HgO + CIO. 

Chlorous acid, ClOg. — This compound is very dif- 
ficult of preparation, and not very important. 

Hypochloric acid, CIO4, sometimes called the per- 
oxide of chlorine. — This acid may be prepared by 
carefully mixing concentrated sulphuric acid and 
the chlorate of potash into a thick paste. After it 
has cooled it should be cautiously introduced into 
a green glass retort, and very slowly heated by 
placing the retort in water ; and, gently raising 
the temperature of the water by a lamp or other 
source of heat, a green-yellow gas comes off, which 
is hypochloric acid, CIO4. It must be collected by 
displacement, as it is very soluble in water, and mer- 
cury decomposes it. 

This compound is very explosive. At a temperaturie 
below boiling water it is resolved with great violence 
into oxygen and chlorine ; hence the care required in 
its preparation. Decomposition : — 

3(KO,C105) + 3(HO,S03)=2C104 + CIO. + 
3(KO,S03)4-3HO. 

If a mixture of chlorate of. potash and loaf sugar 
be placed on a plate and touched with a glass rod 
previously dipped in sulphuric acid, it is instantly set 
on fire. In this experiment the hypochloric acid. 
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CIO4, is disengaged with such violence as to cause 
combustion. 

If half a teaspoonful of chlorate of potash and a few 
chips of phosphorus be placed in a deep test or ale 
glass nearly filled with water, and a little sulphuric 
acid bj a small funnel which reaches to the bottom 
of the glass, the phosphorus will bum under water 
from the oxygen of the disengaged hypochloric acid. 

Chloric acid, CIO5, forms in combination with 
bases salts of considerable importance, especially the 
chlorate of potash. K a current of chlorine be sent 
through a moderately warm solution of caustic potash, 
and the liquid, when saturated with the gas, concen- 
trated by evaporation, crystals of chlorate of potash 
are obtained. In this reaction a part of the potash, 
KO, is decomposed to form chloric acid and the 
chloride of potash : — 

6K0 + 6C1 = K0,C105 + 5KC1. 

From the chlorate of potash chloric acid is obtained, 
by boiling with a solution of hydrofluosilicic acid. 
The process is tedious, and requires care. 

Perchloric acid, CIO7, is obtained from the per- 
chlorate of potash, KO, CIO7. 

The chlorates in solution give no precipitate with 
the nitrate of silver. When heated they evolve 
oxygen ; and if treated with sulphuric acid they 
evolve the characteristic yellow gas as mentioned 
under hypochloric acid. 

BROMINE. 
Symbol, Br ; Equivalent, 78*26. 

This element is found in sea-water at ordinary 
temperatures. It is a brownish red liquid, having a 
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disagreeable odour, closely resembling chlorine and 
iodine in character. It is found in combination with 
magnesium in sea water, as the bromide of magne- 
sium, MgBr. It is obtained bj agitating ether with 
any solution of bromine. After the less soluble salts 
have been separated, a stream of chlorine is then sent 
through the solution, which decomposes the bromide 
of magnesium, the ether dissolving the liberated bro- 
mine. The liquid is transferred to a retort with a re- 
ceiver, and heat applied, when the bromine condenses 
in the cold part of the retort and receiver. Bromine, 
when associated with water has bleaching properties. 

Hjdrobromic acid, HBr, is analogous to hjdriodic 
acid, and has nearly the same properties, and may be 
prepared by substituting bromine for iodine, in the 
preparation of hydriodic acid. 

There is only one known oxide of bromine, bro- 
mic acid, BrO,, which is prepared by adding bromine 
to a solution of caustic potash, until all alkaline pro- 
perties are destroyed. The change is the same as 
that described under chloric acid. 



IODINE. 
Sytnhol, I ; Combining Equivalent, 127. 

At ordinary temperatures, iodine is a bluish-black, 
metallic looking substance, having the appearance of 
scales of black lead. It occurs chiefly in combi- 
nation with sodium and potassium in sea water. It is 
a constituent of marine plants and animals. It is 
chiefly prepared from the ashes of sea weeds, called 
kelp. The ashes are mixed with water, filtered and 
evaporated, until the solution is reduced to a very 
small quantity : the salts of sodium, potassium, and 
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magnesia being removed as thej crystallise. The 
mother liquor left after the removal of these salts, 
contains the iodine in combination with magnesia and 
iodine. This is placed in a leaden retort with sul- 
phuric acid and the binoxide of manganese. On the 
application of heat the iodine distils over as a dark 
purple vapour, which is condensed. This process 
may be imitated by placing in a retort connected 
with a receiver, a solution of the iodide of potas- 
sium, a little powdered binoxide of manganese, and 
sulphuric acid : on the application of heat, a beautiful 
violet vapour passes over, which condenses in the 
cold part of the retort and receiver in small shining 
scales. Decomposition : — 

KI + MnOa + 2HO,S08 = HOjSOs + MnO,SOs 

+ HO -f L 

Iodine stains the skin; it acts violently on the 
animal system, and is used in medicine. 

When iodine is free, it produces a splendid blue 
colour in contact with starch. K any soluble iodide 
be first liberated with a little chlorine water, it is 
then capable of producing the characteristic colour 
with starch. 

Iodine forms with oxygen two acids, iodic acid, 
10 5, and periodic acid, IO7. 

In combination with hydrogen it forms an acid 
known as hydriodic acid, HI. This acid is a gas, 
but it may be obtained in solution by passing sul- 
phuretted hydrogen through water in which pow- 
dered iodine is suspended. In this case, the sulphur 
of the sulphuretted hydrogen is liberated, and the 
hydrogen combines with the iodine, forming hydri- 
odic acid, HS + I = HI -f- S. The liquid is 
warmed, filtered, and a colourless solution of the acid 
is obtained, which soon becomes of a brown colour 
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on exposure to air, bj its decomposition into free 
iodine and water, HI -f O = HO -f- I. Iodine dis- 
solves freelj in alcohol. K a polished silver plate 
be held over the vapour of iodine, it first becomes 
yellow, then violet, and then a deep blue, owing 
to a combination of the iodine with the silver. 
The iodide of silver thus formed is decomposed by 
light. 

FLUORINE. 
Symbol, F ; Equivaleni, 18*70. 

Owing to the powerful affinities of this element for 
the metals, also for silicon and hydrogen, it has never 
been isolated. Its most frequent combination is with 
calcium, as the fluoride of calcium, CaF, or fluor-spar. 
It exists, also, in a state of combination, in the bones 
and teeth of animals. So far as it has been examined, 
it is said to be a gas, like chlorine. 

There is no known oxygen compound of fluorine, 
but in combination with hydrogen, it forms an acid 
known as hydrofluoric acid, HF. To obtain this 
compound, the powdered fluoride of calcium is heated 
with concentrated sulphuric acid in a platinum or 
lead retort connected with a receiver of the same 
metal. Kept cool by being surrounded with a freezing 
mixture, a volatile, colourless liquid, is obtained, 
which emits suflbcating white fumes in the air. It 
unites with water, and very dilute solutions attack 
glass. It has, therefore, to be kept in leaden, or 
gutta-percha bottles. 

The decomposition is easily explained : 

CaF, H0,S03 = HF + CaO,S03. 

If the concentrated acid be dropped upon the 
skin, it occasions' ulcers of a very malignant and 
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dangerous kind. Hydrofluoric acid is used to etch 
glass, or engrave letters. The glass to be operated 
upon is first covered with bees' wax, and the lines 
to be etched, scratched through vrith a needle. The 
glass is then exposed to the action of the vapour 
of hydrofluoric acid, or the acid is poured upon it in 
a liquid state. Where the glass is unprotected with 
wax, it is corroded. It is in this manner that ther- 
mometers, and other glass vessels, are graduated. 
The power of the acid to etch glass may be observed 
by having a leaden saucer, into which some powdered 
fluor-spar and sulphuric acid is placed. The glass to 
be etched is first covered with a coating of wax, and 
the device drawn upon it with a pen-knife so as to 
remove the wax from those parts to be etched. The 
glass which should cover the leaden saucer is now 
placed on the top, with the waxed side downwards. 
The saucer should now be gently heated, care being 
taken that the temperature does not rise sufficiently 
to melt the wax. In a few minutes the glass may be 
removed and cleaned with a little hot turpentine, 
when it will be found to be etched. 
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THIRD DIVISION. 

NITBOGEN. 
Symbol, N ; Combining EquivcHent, 14. 

This gas is without taste, odour, or colour, slightly 
lighter than common air, and distinguished from aU 
the other gases by its negative properties. It forms 
by volume ^ of the atmosphere, and enters into a 
variety of combinations. Nitrogen exists in the ve- 
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getable kingdom. It is probably derived from the 
ammonia of the atmosphere. It is a constituent of 
muscular tissue to the extent of about 17 per cent. 
It is not found in the mineral crust of the earth, 
except in some kinds of coal. 

Nitrogen may he prepared by burning a small 
piece of phosphorus in a confined portion of common 
air under a gas jar standing over water, by which phos- 
phoric acid is produced, and the nitrogen liberated. 
The "v^hite solid flakes of phosphoric acid are dissolved 
in the water over which the jar is placed. It must 
stand till the jar has become clear. Theory of 
change : — 

* . JO Phosphoric acid, PO5. 
Air|j^ 



onia : 



By passing chlorine through a solution of amm 
3C1 + NH3 = 3HC1 + N free. 

By mixing iron filings and sulphur with water and 
allowing the mixture to remain under a gas jar for 
twenty-four hours. The oxygen of the atmosphere 
is absorbed and the nitrogen set free. By treating 
nitric acid with lean butcher's meat in a retort. This 
change is not well understood. 

The atmosphere, which is the great storehouse of 
nitrogen, is composed of a mixture of nitrogen and 
oxygen, with variable proportions of carbonic acid, 
aqueous vapour, and traces of ammonia. 

The analysis of common air may be effected in the 
following manner : — Introduce, by means of a wire, 
into a graduated tube standing over water, a piece 
of phosphorus. The known quantity of air can be 
determined by observing the water point in the gra- 

G 
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duated tube. The arrangement should now be left for 
twenty-four hours. The whole of the oxygen will be 
absorbed by slow combination with the phosphorus. 
The remaining gas may now be read off, which is 
nitrogen. Another plan is to mix air with hydrogen 
and explode by an electric spark, the hydrogen and 
oxygen combine, and the remaining volume of gas read 
off. Nitrogen is not combustible, nor is it a supporter 
of combustion or respiration, it is destitute of any 
acid or alkaline reaction. It is estimated that six 
tons of air pass through a blast furnace every hour. 
While the oxygen is most active in forming new com- 
pounds the nitrogen escapes unchanged. Its chief 
function is to modify the violent action of the oxygen, 
and render the atmosphere suitable to the wants of 
life. 

There are five compounds of oxygen and nitrogen, 
which may be taken as a good illustration of the law 
of multiple proportions in chemistry : — 

Protoxide of nitrogen . . NO 

Binoxide of nitrogen . . NOj 

Nitrous acid .... NO3 

Hyponitric acid . . . NO4 

Nitric acid .... NO5 

The protoxide of nitrogen is sometimes called 
laughing gas, from the peculiar exhilarating effects 
produced when inspired. It is prepared by heating 
moderately in a retort the nitrate of ammonia. Four 
ounces of salt produce one cubic foot of gas. It 
should be collected over warm water, and care should 
be taken that the salt is pure. The change which 
takes place is illustrated by the following equation : — 

NH3, NO5 = 3H0 + 2N0. 
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Nitrous oxide is a supporter of combustion. The 
inhalation of this gas is sometimes attended with 
serious results. 

The binoxide of nitrogen may be prepared hj in- 
troducing into the hydrogen apparatus some copper 
turnings, a little water, and nitric acid, added by the 
funnel. The gas may be collected over water. The 
gas obtained in this manner is colourless and trans- 
parent ; but in contact with air or oxygen it pro- 
duces deep red fumes, which are sufficient to distin- 
guish it from all other gases. This may be beauti- 
fully illustrated by passing some binoxide of nitrogen 
into a gas jar containing oxygen, standing over the 
pneumatic trough, or allowing the fumes to pass into 
the atmosphere : — 

3Cu -f 4NO5 = 3(CuO,N05) + NOa. 

Nitrous acid, NO,. — When four volumes of dry 
binoxide of nitrogen are mixed with one volume of 
dry oxygen, and exposed to as low a temperature as 
can be obtained by freezing mixtures, a thin mobile 
liquid of a green colour is produced with a vapour of 
orange-red. This is nitrous acid, NO3. 

Hyponitric acid, NO4. — If the nitrate of lead be 
heated in a retort of hard glass it is decomposed into 
the protoxide of lead, oxygen, and hyponitric acid. It 
may be collected in a receiver surrounded with a 
freezing mixture. Great obscurity hangs over these 
two compounds of nitrogen and oxygen. The red 
fumes produced when the binoxide of nitrogen comes 
in contact with oxygen are chiefly due to the forma- 
tion of hyponitric acid. Other oxygen compounds 
are also formed. 

a 2 
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Nitric acidy NO5. — ^Known as aquafortis, and one 
of the most important compounds of nitrogen. In hot 
dry climates, the soil is sometimes covered with a 
white, downy looking salt. When this salt is col- 
lected^ dissolved, filtered, and crystallised, it produces 
the nitre or saltpetre of conmierce : it is a compound 
of potash and nitric acid. To obtain nitric acid from 
this salt, mix equal weights of sulphuric acid and nitrate 
of potash in a glass retort, cover the receiver, which 
may be a Florence fiask, with a wet cloth, and apply 
heat. Red fumes at first rise in the retort, and pass 
to the receiver ; these fumes gradually disappear, and 
a pale yellow liquid collects in the receiver, which is 
nitric acid. Decomposition: — 

KOjNOfi + HOjSO, = K0,S03 + H0,N06. 

On a large scale earthen retorts and condensing 
vessels are employed, and the nitrate of soda substi- 
tuted for the nitrate of potash. 

Pure nitric acid is a colourless liquid. It fumes 
when exposed to air. It is partially decomposed by 
light. It is intensely acid, and reddens vegetable 
blues. It stains the skin and nails yellow, and is 
used for producing yellow colours on woollen fabrics. 
It is also used for assaying, and as a solvent for tin 
in calico printing. It is a powerful oxidising agent, 
attacking most of the metals with great violence. 

Nitric acid forms a series of salts, all of which are 
soluble in water. After a thunderstorm, nitric acid, 
in small quantities, has been detected in rain water. 
It is supposed by some, to be produced in the air by 
electricity. 

When nitrates are heated with an excess of hydro- 
chloric acid they are converted into chlorides, with 
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the formation of nitric acid and the disengagement 
of free chlorine, 

KONO5 + 2HC1 = KCl + 2H0 + NO5 + CI. 

When paper is soaked in a solution of potash, and 
dipped in nitric acid it becomes touch-paper. Cotton, 
soaked in nitric acid, washed and dried at a tem- 
perature not exceeding 120°, forms gun-cotton.* The 
low temperature at which it explodes has prevented 
its substitution for gunpowder. 

PHOSPHORUS. 
Symbol, P ; Combining Equivalent, 32. 

This substance was discovered bj the alchemists two 
hundred and fifty years ago. Phosphorus, at ordinary 
temperatures, is a solid, waxy-looking substance, easily 
cut with a knife. It is poisonous. In the dark it 
shines with a faint blue light, and is highly com- 
bustible, often taking fire with the slightest touch 
or friction. Phosphorus is always kept under water, 
and great care is required in experiments with it. 

Phosphorus is prepared from bones ; they are first 
well cedcined, reduced to powder, and mixed with 
two thirds their weight of dilute sulphuric acid ; after 
some time the mixture is filtered. The sulphate of 
lime which has been formed by the sulphuric acid is a 
very insoluble compound and easily separated on the 
filter. The liquor is then evaporated to the consistence 
of treacle, mixed with charcoal powder, and transferred 
to an iron vessel which is raised to a high temperature 
till all moisture is expelled. After this mixture has 
been thoroughly dried it is placed in a stoneware 
retort, from which a large tube dips into water con- 
tained in the receiver. The phosphorus distils over 
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in a soft condition, and is moulded in hot water into 
cylindrical sticks. The change which takes place in 
the retort is easily understood. Phosphoric acid con- 
tains one equivalent of phosphorus and five equiva- 
lents of oxygen. The oxygen combines with five 
equivalents of carbon, forming carbonic oxide, which 
escapes : — 

PO5 + 5C = P + 5C0. 

The phosphates play a very important part in 
the solid structure of animals, giving stiffness and 
rigidity to the bones. The dried skeleton of a man 
weighs about 10 or 12 lbs., and contains about 2 lbs. 
of phosphorus. Traces of phosphorus have been 
found in the brains, flesh, and blood of all animals. 
There is an important modification of phosphorus 
discovered by Professor Schrotter, called allotropic 
phosphorus, in which state the active properties of 
ordinary phosphorus are suspended ; it is of a brick- 
red colour, insoluble in the bisulphide of carbon, does 
not become luminous in the dark, has no tendencj 
to combine with oxygen, is not poisonous, and may 
be carried about without fear. 

Phosphorus is largely used for the manufacture of« 
lucifer matches. As the phosphorus would be likely 
to ignite by exposure to the atmosphere, it is mixed 
up with glue or gum water. The ends of the matches 
are first dipped in sulphur, then into the phosphorus 
solution, and afterwards into a thick mixture of 
chlorate of potash or nitre, or some substance rich in 
oxygen ; they are then removed to a stove and care- 
fully dried. About 200,000 to 250,000 lbs. of phos- 
phorus are used annually in London in the manu- 
facture of these matches. When the surface of the 
match is broken by friction the phosphorus first takes 
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fire; this inflames the sulphur, which ignites the 
wood : the cracking noise is owing to the chlorate of 
potash. 

There are three well known compounds of phos- 
phorus — 

Hypophosphorous acid . . PO 
Phosphorous acid * . . . PO3 
Phosphoric acid . . . PO5 

The first of these compounds is not of much interest ; 
it is a powerful deoxidising agent, and is rather diffi- 
cult of preparation. 

Phosphorous acid is formed by the slow combustion 
of phosphorus in a limited supply of air. 

Take a glass tube, about one foot long and half 
an inch in diameter ; at about two inches from one 
end bend the tube at an obtuse angle, drawing the 
end of the shorter limb out into a conical shape, 
leaving an aperture about the size of a pin's point. 
Into the bent end of this tube, at the angle, place 
a small piece of phosphorus carefully dried by fold- 
ing it in blotting-paper. Gently heat the tube over 
where the phosphorus lies by means of a spirit lamp, 
when the phosphorus will take fire and bum with a 
greenish fiame. Only a small quantity of air enters 
the tube through the small aperture. The acid con- 
denses as a white powder in the upper cold part of 
the tube. This is solid anhydrous phosphorous acid. 
It may also be prepared in combination with water 
from the teriodide of phosphorus, PI3. To prepare 
this iodide of phosphorus, place a small piece of dry 
phosphorus in a test-tube, cover it with about eleven 
times its weight of iodine ; the two bodies combine 
energetically without any application of heat. This 
is a singular experiment, in which two solid bodies 
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combine chemicallj. After the action is over, water 
is added, when the following decomposition takes 
place : — PI3 + 3H0 = PO, -f SHI ; phosphorous acid 
and hydriodic acid. The liquid is heated till all the 
hydriodic acid has volatilised, and a solution of phos- 
phoric acid is left. 

Phosphoric acid, POs, is obtained when phosphorus 
is burned under a bell jar or in oxygen. When an- 
hydrous, it is like snow, but, in consequence of its 
attraction for water, it soon dissolves, and, when 
it once becomes the hydrated acid, the water cannot 
be separated. Phosphoric acid may be prepared by 
adding little bits of phosphorus to nitric acid in a 
retort provided with a receiver : by this process the 
glacial phosphoric acid of the pharmacopoeia is pre- 
pared ; it is rather a troublesome and dangerous 
method. 

Phosphoric acid may be obt^^ined by adding sul- 
phuric acid to bone earth, precipitating with the 
carbonate of anmionia, and separating the lime salt 
by filtration, then igniting and evaporating in a 
platinum crucible the sulphate and phosphate of am- 
monia ; hydrated phosphoric acid remains behind. 
The most advantageous manner is the first process ; 
namely, to bum phosphoinis in a stream of dry air. 

Phosphoric acid is not poisonous ; it is, however, a 
powerful acid, reddens vegetable blues, and unites 
with bases to form a large and important class of 
salts. 

Phosphuretted Hydrogen, PH,. — This gas has a 
most disagreeable odour, resembling garlic ; it is 
poisonous, slightly soluble in water ; it precipitates 
several of the metals, but has no acid or alkaline 
pronftrties. This gas may be prepared by heating in 
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a small retort hydrated phosphorous acid, which is 
decomposed into phosphuretted hydrogen and hydrated 
phosphoric acid — 

4(3HO,POs) = PH3 + 3(3HO,POfi). 

It is more commonly prepared by boiling in a small 
retort sticks of caustic potash, water, and phosphorus ; 
the retort should be nearly filled, and provided with 
a long tube which should dip into water from the 
commencement of the operation, and heat gently 
applied. The gas soon comes off with a slight ex- 
plosion in the retort, attended with the rushing of the 
water along the tube. It is to prevent any accident 
that the tube should be long enough to prevent the 
water entering the retort : as soon as the oxygen is 
consumed all danger is over. As the gas escapes 
through the water into the air, it takes fire and 
changes into wreaths of white smoke. The prepara- 
tion of this gas is a very beautiful experiment. 

The presence of the potash determines the decom- 
position, similar to dilute sulphuric acid when in 
contact with zinc or iron. 

The change may be represented, thus — 

4P + 3K0,H0 = PH, + 3(K0,P0). 
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FOURTH DIVISION. 

CARBON. 
Symbol, C ; Equivalent, 6. 

This element) in one state or another, has been known 
from the earliest time. It occurs in nature as the 
diamond, graphite, or black lead. Plumbago, char- 
coal, coke, bone black, soot, and lamp black, are 
artificial varieties of carbon. In combination with 
oxygen it forms two compounds, carbonic oxide and 
carbonic acid. The latter compound unites with 
potash, lime, soda, magnesia, forming carbonates, 
which constitute a large portion of the mineral crust 
of the globe. The compounds of carbon with hydro- 
gen are all highly combustible. In combination with 
nitrogen and oxygen it enters largely into the com- 
position of all animal and vegetable substances. The 
purest form of carbon is obtained by exposing animal 
or vegetable substances to heat, carefully excluding 
the atmosphere during the operation. This process, 
in the case of wood, is usually performed in large 
mounds covered with earth, so as to limit the supply 
of air, and allow the combustion to proceed slowly. 
With animal substances it is effected in retorts. 
The specific gravity of the charcoal varies with the 
wood from which it is manufactured. 

Charcoal is very combustible, and is extensively 
used on the Continent for fuel. When perfectly pure 
it burns without fiame. It is a very indestructible 
and unchangeable substance. Wooden piles driven 
into the earth are usually charred to prevent decay. 
Charcoal has the power of condensing in its pores 
different gases. It has been found to absorb ninety 
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times its bulk of ammonia, and thirty-five times its 
bulk of carbonic acid. It is this property which 
makes it useful as a deodoriser. Charcoal when 
newly prepared restores meat slightly tainted, either 
by being boiled with it or rubbed over it. It re- 
moves offensive odours, and checks putrefaction. 
Rats buried in powdered charcoal yielded no un- 
pleasant effluvia when opened after three months. 
Water is purified by passing it through filters con- 
structed of layers of charcoal and sand. Black 
crayons are made from the charcoal of the willow. 
The charcoal used in the manufacture of gunpowder 
is made from dogwood or elder. Common bitu- 
minous coal is not carbon : it is a combination of 
many complex unions of carbon and hydrogen. Heat 
expels the volatile parts, and we have left coke, 
which is a mixture of carbon, with small quantities 
of metallic oxides. In the manufacture of gas these 
volatile products are purified and used for purposes 
of illumination. 

Plumbago or black lead was formerly thought to 
be a carbonate of iron. The best specimens are alto- 
gether free from iron. Lead is never present in 
black lead. Plumbago is used for the manufacture of 
pencils. That of Borrowdale in Cumberland was the 
best, but the vein is now exhausted. Most of the 
ordinary pencils are manufactured from a paste made 
of powdered plumbago, antimony, and sulphur. Ivory 
and bone black are varieties of charcoal which result 
from the heating of bones in a retort, till all the 
volatile products are evolved. This bone black, how- 
ever, only contains about 10 per cent, of carbon. The 
remainder is chiefly phosphate and carbonate of lime. 
Ivory black is used as ink in printing from copper and 
steel engravings. The preparation of bone black id 
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now an important branch of chemical manufacture, 
as it is largely used in sugar refining, owing to 
its bleaching or decolorising properties. 

It may not be altogether out of place to say a few 
words on sugar refining. If the saccharine juices of 
any vegetable substance be allowed to remain at rest, 
especially if the temperature be high, fermentation 
commences, and the sugar is changed into alcohol ; 
it is therefore desirable to convert it into a crystalline 
state as speedily as possible. The juice of the sugar 
cane is raised to a temperature of about 130°, and 
lime water added. The whole mass is now raised in 
temperature, but not boiled. A thick scum rises to 
the surface. When this scum breaks it is either 
taken off, or the juice is drawn off by a tap at the 
bottom of the copper. By this continual heating the 
water evaporates, and the liquid thickens. Sugar 
cannot be heated in the presence of acids or alka- 
lies without undergoing decomposition, and molasses 
may be considered as the product of this decompo- 
sition. After a sweet solution of sugar and water 
has been obtained, a portion of lime water is added, 
and bullock's blood. It is said that the lime is 
employed to neutralise acidity, but this is a mis- 
take : no acid exists in unfermented sugar. The 
proper use of lime water is this : the colouring matter 
of some varieties of sugar unites with lime, and 
forms a precipitate which gets enveloped in the albu- 
men of the blood, and rises to the surface in scum^ 
which is removed. The solution is now allowed to 
escape into a filtering apparatus. This apparatus 
consists of a number of bags thrust one into the 
other, and fastened to the bottom of a tray, into 
which the sugar flows. As the liquor flows through 
the Alter bags, a portion is examined from time to 
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time, as to its brightness. When the solution has 
become clear it is of a dark port wine colour. The 
solution is now passed through bone black or animal 
charcoal. This decolouring property of bone black 
may be shown by passing a litmus solution through 
a charcoal filter. The water passes through quite 
clear. The whole theory of this decolorising effect 
is however involved in some obscurity. In sugar 
refining, a large cylinder of iron, six or eight feet 
in diameter, and twelve or fifteen feet high, is packed 
with granulated charcoal, within two or three feet 
of the top. The solution percolates through, and 
is drawn off at the bottom. The sugar solution which 
entered was of a dark colour; it passes from the 
filter as colourless as water. In time, however, the 
solution becomes tinted, the operation is stopped, and 
the charcoal washed. This is a brief outline of the 
process of sugar refining. Animal charcoal, has also 
deodorising propeirties. 

Lamp black results from the imperfect combustion 
of tar, oil, resin. The greater part of the carbon is 
carried up in a state of finely-divided powder. When 
these particles come in contact with a cold body, they 
form a deposit of carbon, which may be scraped off. 
This forms the lamp-black of commerce. The ope- 
ration is performed with a limited supply of air in a 
high chimney, containing a number of plates, upon 
which the lamp-black collects like soot in our own 
chimneys. Diamonds are carbon in a crystallised 
state. They were formerly obtained in India and the 
island of Borneo, but for the last hundred years they 
have been brought from Brazil. If a diamond be 
burned in oxygen, the sole result is carbonic acid, 
the same as if we had burnt a piece of charcoal. 
It is the opinion of some, that the diamond is of ve- 
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getable origin. Within the crystalline structure of 
many diamonds, the remains of insects are seen. 
Sir D. Brewster thinks the diambnd a drop of fos- 
silised gum. 

For diamonds of moderate size, and the same quality, 
the value is estimated in this manner : — The weight 
is given in carats. These carats are subdivided into 
halves, quarters, eighths, sixteenths, and thirty-second 
parts. If four diamonds weigh 1, 2, 3, and 4 carats 
each, their respective values would be as 1, 4, 9, and 
16 : their value is in the ratio of the squares of their 
respective weights. The koh-i-noor weighed 186 
carats: since it has been recut, it weighs 102f-j^ 
carats. 

There are two well known compounds of oxygen 
and carbon, carbonic acid, and carbonic oxide. Car- 
bonic acid is present, in small quantities, in the 
atmosphere ; it occurs in combination with lime, and 
magnesia ; it is a constituent of all marbles, shells, and 
coral. Carbonic acid is present in all spring water ; 
it is evolved from volcanoes, and is a constant pro- 
duct of respiration. Fermenting liquids, decaying 
animal and vegetable substances, and the combustion 
of coal, wood, and gas, are continual sources of car- 
bonic acid at the ordinary temperature and pressure. 
It is a gas having slightly acid properties; under 
pressure it may be liquefied and solidified. Carbonic 
acid may be prepared synthetically by burning carbon 
in oxygen, or by decomposing a carbonate. Carbonate 
of lime is generally used for this purpose. When carbon 
is burnt in oxygen no change of volume takes place, 
although there is an increase of weight : 8 of oxygen 
combining with two equivalents of carbon, 8 + 6 + 6 
= 20. Lime water is a test for carbonic acid, — 
a milky, insoluble precipitate of carbonate of lime is 
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formed when carbonic acid is passed througli a solu- 
tion of lime water. 

Any carbonate yields carbonic acid when treated 
with any of the stronger acids. We use for this pur- 
pose hydrochloric acid and pieces of marble, which 
is a carbonate of lime, and a little water. The decom- 
position is as follows : — 

CaO,C02 + HCl + HO = 2HO-f■CaCH-C02- 
We may illustrate it in another way. Let us sup- 
pose the base to be an oxide of calcium, CaO (lime). 
The oxygen of the base unites with the hydrogen of 
the acid, and forms water. In all cases when hydrogen 
acids unite with an oxygen base, water is formed. 

Carbonic acid is heavier than common air ; it may 
be poured from one vessel to another; it is not a 
supporter of combustion or respiration, nor is it com- 
bustible. It does not extinguish flame, for the same 
reason as nitrogen, by excluding oxygen. For if we 
mix one volume of oxygen with four of carbonic acid, 
it does not support combustion, although the quantity 
of oxygen is as great as in common air. If a living 
animal be immersed in an atmosphere of' nitrogen, it 
dies the same as if it were immersed in water. The 
nitrogen kills by suffocation ; carbonic acid kills by 
poison : all the other conditions of life may be pre- 
sent, but the inhalation of carbonic acid produces 
death. In winter, people burn charcoal in braziers, — 
a most unhealthy and dangerous practice where there 
is not a proper exit for the carbonic acid produced. 
During the fermentation of beer or wine, carbonic acid 
is evolved. During respiration, it is given off. To 
illustrate this, take a glass tube and blow into lime- 
water : the water becomes milky, owing to the forma- 
tion of carbonate of lime. 

h2 
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Carbonic Oxide. — The blue lambent flame some- 
times seen on the top of brick-kilns and coke-ovens, and 
in our own fireplaces, is carbonic oxide (CO). This 
compound contains one equivalent less of oxygen than 
carbonic acid. It may be prepared by passing car- 
bonic acid through a red-hot iron tube. Thus, — 
Fe + CO2 = FeO -j- CO. It may also be prepared by 
passing carbonic acid through a porcelain tube filled 
with charcoal. The carbonic acid, CO2, uniting with 
another equivalent of carbon, becomes converted into 
two equivalents of carbonic oxide, CO + CO. A 
similar change to this takes place in charcoal and coke 
fires : the charcoal combines with the oxygen, forming 
carbonic acid, CO2 ; it passes through the red-hot part 
of the fire, and is converted into carbonic oxide, CO, 
and burns at the surface with a blue flame, which is 
sometimes said to be a sign of frost. A low tem- 
perature favours the production of this compound. 
Carbonic oxide is generally prepared by heating sul- 
phuric acid with oxalic acid. As soon as the tem- 
perature is sufliciently raised, the gas comes off rapidly. 
The decomposition which takes place may be repre- 
sented thus: — oxalic acid contains two equivalents 
of carbon, three of oxygen, and one of water, 
C2O3HO: this equals one equivalent of CO2, one 
equivalent of CO, and one of HO. When heated, 
the sulphuric acid unites with the equivalent of water, 
and the carbonic acid, CO2, and catbonic oxide, CO, 
come off together. By passing the gases through a 
solution of caustic potash, the carbonic acid is ab- 
sorbed, and the carbonic oxide, CO, passes over, 
which may be collected at the pneumatic trough in 
the usual way. 

This gas is invisible, and lighter than common 
air. It is highly combustible, but does not support 
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either combustion or respiration. Dumas lias shown 
that this gas is a hundred times more poisonous than 
carbonic acid, — a fact which till very lately was 
unknown. 

The compounds of carbon and hydrogen, are very 
complex ; they belong properly to organic chemistry. 
We shall describe two of these compounds. 

Heavy carburetted hydrogen, C4H4, generally called 
defiant gas, because, it forms an oily compound when 
mixed with chlorine. It is lighter than common air. 
This gas is prepared by mixing alcohol with five or 
six times its weight of sulphuric acid, HO, SO,. The 
acid should be added a little at a time, as it is easier 
to measure liquids than to weigh them ; one of alcohol 
and three of sulphuric acid, HOjSOa is the propor- 
tion. The flask should be shaken so as to thoroughly 
mix the liquids. 

Alcohol, C4H602= C4H4 + 2H0. 

C4He02-fHO,S03=C4H44-HO,S03+2HO. 

Properties, — defiant gas is highly combustible, 
but not a supporter of either combustion or respira- 
tion: when burnt it forms carbonic acid, COg, and 
water, HO. Its combustibility may be shown by 
burning some from a jet in a jar half full of chlorine, 
CI. If a light be applied to a mixture of these gases, 
HCl is formed, and the carbon liberated in a finely 
divided state. 

Light carburetted hydrogen, CHg. — This gas is 
disengaged abundantly from coal mines and from stag- 
nant water. The miners call it fire damp; it is also 
called marsh gas. When mixed with common air it 
forms an explosive compound. It is, however, difficult 
of preparation : 40 parts of acetate of soda, 60 parts 
of quicklime, 40 parts of hydrate of potass* are mixed 
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together and placed in a retort. The lime merely 
prevents the hydrate of potass attacking the glass. 
The reaction consists of the conversion of the acetic 
acid, by the aid of the elements of HO, into carbonic 
acid, CO2, and light carburetted hydrogen, CH^. 

Acetic acid, C4H808\ 2 eq. : C2O4 

HO I C2H4 = 2CH2 

C,H,oJ C4H4O4. 

This gas is colourless, invisible, inodorous; does 
not support combustion or respiration. It burns with 
a white f)ame, similar to olefiant gas, but less 
brilliant. 

Coal Gas, — Coal gas is prepared by exposing coal 
to a red heat in iron retorts. The variety of coal 
known as cannel coal is usually employed. As the 
coal becomes heated a variety of complex gaseous 
products are given off. As these products issue from 
the retorts they are conducted into the hydraulic 
main (a large horizontal cistern half filled with 
water). The gas passes from the hydraulic main 
into the refrigerator and from the refrigerator into 
the purifier, and from the purifier into a large me- 
tallic gasometer — from which the distribution pipes 
proceed. 

In the hydraulic main the gas is partially cooled 
and a portion of the ammonia absorbed. In the 
refrigerator the gas is cooled and the tar and am- 
moniaciil liquor deposited. In the purifier, which is 
a large vessel containing slaked lime mixed with 
water and kept in agitation, the gas parts with its 
sulphuretted hydrogen and carbonic acid. 

Ordinary coal gas, although subjected to this purifi- 
cation, usually contains a variable amount of noxious 
substances. 
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The compounds of carbon and hydrogen are the 
only valuable constituents of coal gas. It contains 
about fifty per cent, by volume of olefiant gas upon 
which its illuminating property chiefly depends ; 
from twelve to twenty per cent, of light carburetted 
hydrogen (olefiant gas), with variable quantities of 
nitrogen, hydrogen, carbonic oxide, sulphuretted 
hydrogen, volatile oils, and prussic acid. 

The Davy Lamp, — A mixture of fire-damp and air 
forms an explosive compound. Common explosions 
of gas are analogous to those which occasionally take 
place in coal mines. To prevent these accidents, a 
lamp was invented by Sir H. Davy, known as the 
Davy lamp. « 

Fire-damp alone is not explosive : but when mixed 
with from eight to ten volumes of air it is highly 
dangerous. With three or fifteen volumes of air it 
is not explosive. The small quantity of oxygen in 
the one case is not sufficient to burn the gas ; 
in the other the large quantity of air conducts 
away the heat and lowers the temperature below the 
point necessary to ignite the gas. It is on this 
principle that the Davy lamp is constructed. Fire- 
damp does not take fire unless raised to a white 
heat. When the fire-damp issues from a seam of 
coal, meeting the white fiame of a lamp or candle, 
explosion immediately takes place. The safety lamp 
consists of an ordinary oil lamp, surrounded by a 
cylinder of wire gauze, the apertures of the gauze not 
being less than the 400th of an inch in diameter. When 
this lamp is carried into an explosive mixture, no ex- 
plosion takes place. The gases traverse the apertures 
of the gauze, and burn inside the lamp; but the fiame 
does not pass outside to kindle the atmosphere of gas 
which surrounds the lamp. The lamp makes ex- 
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plosion impossible, not by preventing the gas entering 
inside, but hy preventing the flame reaching the 
gases outside. In traversing the wire gauze the 
temperature is lowered, heat is conducted awaj, and 
the temperature falls below the point necessary to 
kindle the gases. These effects may be studied by 
suspending a Davy lamp in a jar, and gradually ad- 
mitting a stream of coal gas from below. The flame 
of the lamp increases in length, in the interior of 
the gauze cylinder, the gas and air burn, and the 
flame of the lamp is extinguished ; but as the atmo. 
sphere, in the bell jar becomes purer, the lamp again 
rekindles. These phenomena are so remarkable that 
the lamp becomes a true indicator of the state of the 
atmosphere in the mine ; and this is the proper and 
true use of the Davy lamp. 

Structure of Flame. — The flame of a candle is not 
as it appears, a solid cone of flame. If a piece of wire 
gauze be pressed from the top over the flame of a 
candle or common lamp, there appears in the centre 
a dark spot surrounded by a luminous ring. This 
dark spot is the combustible hydrogen and carbon of 
the tallow. These gases cannot burn until they 
pass to the surface, to obtain oxygen from the 
atmosphere, when they are converted into carbonic 
acid and water. The hydrogen, as we have seen, 
burns with a blue flame, with not much illuminating 
power, but with great heat. The oxygen of the 
air has a greater affinity for hydrogen than for car- 
bon. The hydrogen bums first, and this is the blue 
flame around the central dark spot ; the carbon now 
liberated from the hydrogen passes upward, and, being 
intensely heated by the combustion of the oxygen and 
hydrogen, burns with a yellow light ; this is the 
luminous part of the flame, and is due to the solid 
white hot particles of carbon previously contained in 
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combination with hydrogen in the tallow. The conical 
form of the flame is owing to the ascent of heated 
currents of air. A tall glass chimney is placed over 
lamps, so as to increase the upward current of air 
and supply a larger amount of oxygen. It is remark- 
able that the heat evolved by combustion is due to 
the quantity of oxygen consumed, and not the amount 
of combustible matter with which it unites, as the 
following Table illustrates : — 

1 lb. of wood charcoal raised 78 lbs. of water from 

32° to 212°. 
1 lb. of alcohol raised 68 lbs. of water from 32° to 

212°. 
1 lb. of oil or tallow raised 90 lbs. of water from 

32° to 112°. 

1 lb. of hydrogen raised 236 lbs. of water from 32° 
to 212°. 

The quantity of oxygen consumed under these cir- 
cumstances is very different, while the weight of the 
combustible body was in each case one pound. 

If a jet of air be introduced into the flame of a 
candle or lamp, by means of a blowpipe, a double 
combustion takes place. Two long pointed flames 
are observed, the outer one being of a yellowish 
colour, and the inner one blue. The space between 
these flames is filled with combustible matter at a 
very high temperature ; this is called the deoxidising 
or reducing part of the flame. If the oxide of any 
metal be placed in this part of the flame, fixed on the 
end of a fine platinum wire, or supported on a piece of 
charcoal, it is reduced to a metallic state. 

Observations of great importance are often made 
with the blowpipe. The skilful use of this instru- 
ment can only be obtained by constant practice- 
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SILICON. 
Symbdly Si ; Combining JEquivalentj 21*35. 

This element is sometimes called silicium. It does 
not occur in a free state, but in union with oxygen it 
forms silica, SiO,. It enters largely into the composi- 
tion of flints, sand, quartz, and other mineral sub- 
stances, forming it is thought a sixth part of the surface 
of the earth. Silicon is a brown powder, difficult to 
produce, and is of no importance, except to the scien- 
tific chemist. Silica, SiOj, is the only known oxide. 
When nearly pure, as in rock crystal, it is colourless 
and transparent. It may be prepared by mixing 
equal parts of fluor spar, CaF, powdered glass, 
and sulphuric acid together in a flask. A glass tube, 
at least half an inch in diameter, should proceed 
from the flask and dip three quarters of an inch into 
mercury. The jar containing the mercury is now 
nearly filled with water ; a gentle heat is applied to 
the flask, when the silica, in a gelatinous condition, 
separates and rises through the mercury to the sur- 
face of the water. The decomposition is rather 
complex. The first effect is the disengagement of 
hydrofluoric acid, and in contact with the silica 
of the glass, undergoes decomposition, forming water 
and the terfluoride of silicon, which escapes from the 
flask as a gas ; but when it comes in contact with 
water, after it has passed through the mercury, it is 
decomposed into silica and hydrofluosilicic acid. 

Decomposition in the flask : — 

3HF + SiOj = 3H0 + SiF,. 

Decomposition in contact with the water, after 
passing through the mercury : — 

3SiF, + 3H0 = SiOa + 3HF . SiF,^ 
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The silica is coljected on a cloth filter, dried^ and 
raised to a red heat to expel water. 

Silica is an acid. It neutralises many bases, form- 
ing salts, known as silicates. Glass, porcelain, and 
pottery, are silicates of potash, alumina and other 
bases. Some silicates are soluble in water: if the 
bases with which the acid has united be in excess, 
the salts are soluble ; but if the acid be in excess, then 
they are insoluble. Silica in its crystallised state, 
coloured with some metallic oxide, forms precious 
stones, such as blood-stone, agate, jasper, onyx, cor- 
nelian, and opal. Silica exists abundantly in many 
plants. It gives stiffness to the straw of wheat, 
barley, and oats. 



BORON. 
Symbol, B ; Equivalent, 10*90. 

This element is analogous to silicon. It may be 
obtained by heating boracic acid with potassium in a 
platina crucible. It is a brown powder, and, when 
heated, bums, forming boracic acid, BO3. It is found 
in the lagoons of Tuscany, in combination with oxygen, 
as boracic acid, BOg, from which source it is chiefly de- 
rived. This acid is also easily prepared by decompos- 
ing a hot solution of borax with sulphuric acid. The 
biborate of soda, or borax, is employed for soldering 
metals, forming the glazes for porcelain, and as a flux 
for examining metallic compounds before the blow- 
pipe. A loop made of platinum wire is strongly 
heated and dipped into borax powder : a series of 
experiments can now be made. A salt of manganese 
heated in the outer flame of the blowpipe, — with the 
borax on the wire gives a violet-coloured bead ; cobalt, 
blue ; chromium, green ; copper, red. 



84 ELEMENTARY CUEMISTKY. 

HYDROGEN. 
Symboly H ; Combining Equivcdent, 1. 

Hydrogen, at all known temperatures, is a gas, 
colourless, without odour, about sixteen times lighter 
than common air, and highly combustible. This gas 
exists largely in the organic and inorganic kingdom ; 
it is a constituent of all substances used either for light 
or illumination ; it is a constituent of various acids, 
hydrochloric, HCl, hydrobromic, HB, hydriodic, HI, 
hydrosulphuric, HS. In combination with animal or 
vegetable substances it is found chiefly as water and 
ammonia. 

Preparation, — This gas is always prepared by 
deoxidising water, either by the decomposition of 
water by voltaic electricity, as explained under oxy- 
gen, or by adding small pieces of granulated iron or 
zinc to one part by measure of sulphuric acid and four 
or five parts of water. Neither iron nor zinc combines 
directly with sulphuric acid, but the oxides of these 
metals combine easily. Decomposition : — 

Zn + HO -f- SO3 = ZnO, SO3 + H free. 

Or hydrochloric may be used instead of sulphuric 
acid; then — 

HCl + Zn = ZnCl + H. 

By passing steam through a red-hot iron tube, the 
oxygen combines with the iron, and the hydrogen es- 
capes as a gas, thus : — 

Steam, HO + Fe = FeO + H. 
By passing a small piece of sodium or potassium up 
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into an inverted tube, filled with water and standing 
on the pneumatic trough : — 

Process, Na + HO = NaO + H. 

The sodium or potassium dissolves in the water, 
and the hydrogen collects in the upper part of the 
tube. Hydrogen from its extreme lightness, was for- 
merly used for filling balloons ; its use is now super- 
seded by employing coal gas, and larger balloons. 
The property of diffusion, which is common, in a 
greater or less degree, to all gases and vapours, is 
seen best in the following experiment with hydrogen 
and carbonic-acid gas, two bodies of very different 
specific gravities. If two bottles, the one containing 
hydrogen, and the other carbonic acid, be joined to- 
gether with a glass tube about a foot long and ^ of 
an inch in diameter, and the hydrogen placed in 
the upper bottle and the carbonic acid in the lower, 
we shall find after a few hours, that the carbonic 
acid, contrary to its gravity, and the hydrogen, have 
uniformly mixed throughout. This diffusive power 
of gases is of great importance in the economy of the 
universe. Were it not for this diffusion we should 
have the different gases and vapours arranging them- 
selves on the earth's surface according to their re- 
spective weights. 

This diffusive power of hydrogen renders it impos- 
sible to keep it for any length of time in bladders, or 
the best constructed gas holders, and when mixed 
with air from any leaking, the mixture becomes ex- 
plosive. When gases are much lighter or heavier 
than common air, they may be collected or examined 
without the aid of the pneumatic trough. A bottle 
or jar may be filled by inverting it over the extre- 
mity of an upright tube, from which the gas is issuing ; 

I 
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the tube should pass to the end of the bottle. When 
the gas is heavier, as chlorine, or carbonic acid, the 
reverse process must be adopted. The mouth of the 
jar to receive the gas should not be much larger than 
the tube from which the gas is delivered, if so, it 
should be covered with a piece of cardboard. 

Hydrogen is not a supporter of combustion : if a 
lighted taper be plunged into a jar of hydrogen, it is 
extinguished ; the hydrogen burns only at the top of 
the jar, where it comes in contact with the oxygen of 
the air. 

Hydrogen burns with a pale blue flame without 
much light, but intense heat. The temperature may 
be increased by mixing the hydrogen and oxygen in 
the proportion of two volumes of the former to one 
of the latter, and burning it from a safety jet. This is 
called the oxyhydrogen blowpipe. It is, perhaps, best 
to use two separate gas holders for this experiment. 
When hydrogen is mixed with common air or pure 
oxygen, it is highly explosive, great care should be 
taken to allow the first portions of gas to escape 
before applying a light. Soap bubbles blown with 
hydrogen by means of a common pipe, attached to 
a bladder provided with a stop-cock to regulate the 
emission of the gas, rise in the air with considerable 
velocity : if a lighted taper be applied to the bubble 
as it ascends, a slight explosion takes place. If a 
mixture of one volume of oxygen and two volumes of 
hydrogen be taken, and soap bubbles blown on a small 
cheese plate, so that a good head of bubbles is formed 
and a light applied, the explosion is very violent : a 
small bladder filled with a mixture in the same pro- 
portion, may be exploded by pricking a hole with a 
pin and applying a light. If a jet of hydrogen is 
burned in a dry glass jar, the sides become covered 
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with moisture, owing to the formation of water bj 
the union of the inflamed hydrogen with the oxygen 
of the air. If a tube of glass about one inch in 
diameter, and two feet long, be slowly passed down- 
wards over a burning jet of hydrogen, a musical note 
is produced. If a piece of spongy platinum be brought 
near a jet of hydrogen, it is at once kindled, and the 
platinum becomes red hot. It is thought that the 
gases are so condensed in this experiment, that they 
are brought within the sphere of attraction necessary 
for combination. The chemical relations of hydrogen 
assign to it the character of a metal, it has never been 
solidified, and its difference in physical properties to 
the other metals will probably disappear as the subject 
is more investigated. 

There are two compounds of hydrogen and oxygen ; 
water, HO, and the binoxide of hydrogen, HO2. 

The composition of water was first discovered by 
Mr. Cavendish, but its exact composition has occupied 
the attention of chemists for some years. There are 
two methods of determining the composition of any 
compound body; these are, analysis, by which the com- 
poun<]^is resolved into its constituents, and synthesis, 
by which the elements or constituents are made to 
unite to produce the compound. The most elegant 
illustration of the analysis of pure water is its de- 
composition by voltaic electricity, alluded to under 
oxygen. In this experiment it appears that the com- 
bining volume of hydrogen is twice that of oxygen, 
and the combining proportion by weight, as 8 of 
oxygen to 1 of hydrogen. 

The deutoxide of hydrogen, HO2, or oxygenated 
water, is difficult of preparation. It has no use, and 
is only regarded as a chemical curiosity. 

Water, when pure, is colourless, except when 

I 2 
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viewed in a large mass, when it appears of a beauti- 
ful blue colour. It is inodorous, tasteless, and trans- 
parent. It attains its maximum density at 40° ; it 
boils under ordinary atmospheric pressure at 212°. 
It evaporates at all temperatures. It is 815 times 
heavier than air, and an imperial gallon weighs 101b. 
avoirdupois. It is compressible in a very slight 
degree. 

Water never occurs in nature perfectly pure. 
Filtration will remove suspended impurities, and 
distillation will free the liquid from those dis- 
solved. Water unites with acids and bases, forming 
hydrates, this combination is sometimes very energe- 
tic, producing great heat, as in the slaking of lime, 
or by mixing sulphuric acid with water. The sol- 
vent properties of water are far greater than any 
other liquid. Many of the salts are soluble in water, 
increasing with an increase of temperature, and depo- 
siting crystals as the solution cools. Common salt and 
the salts of lime are, however, an exception to this 
general rule. 

Water dissolves most of the gases, although in 
very unequal quantities. Hydrogen, oxygeij, and 
common air are absorbed to a small extent, while 
ammonia and hydrochloric acid are dissolved to a very 
great extent ; between these extremes we have sul- 
phuretted hydrogen, chlorine, carbonic acid, and many 
other gases. The colder the water the more gas is 
dissolved ; and on boiling, these gases are liberated. 
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RESUME. 

The Law of Definite Proportion, — Those bodies 
which combine chemically, combine in £xed and defi- 
nite proportions. 

The Law of Multiple Proportion. — ^When one body 
is capable of uniting with another in several propor- 
tions, these proportions bear a simple relation to each 
other, as O, O2, O3, O4, &c. 

Equivalent numbers are an expression of the re- 
lationship by weight of the different bodies which 
enter into chemicsd combination. 



OXYGEN. 
Symbol, ; Equivalent, 8. 

Discovered by Priestley in 1774, called dephlogis- 
ticated air, afterwards vital air. 

Physical Properties, — ^Permanently gaseous, without 
colour, odour, or taste. 

Density, 1"106. 

Chemical Properties, — A simple body soluble in 
water. It is present in all cases of combustion. The 
term combustion is used to express that chemical 
reaction usually attended with disengagement of light 
and heat. The common cases of combustion in nature 
consist in a slow absorption of oxygen, in which the 
temperature does not rise sufficiently to cause any 
sensible evolution of either light or heat. All cases 
of combustion are attended with the formation of new 

combinations. 

Id 
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Preparation. — By the decomposition of the binoxide 
of manganese in an iron bottle raised to a red heat — 

2Mn02 = MnaOg + 0. 

Second method. Decompose by heat in a Florence 
flask the chlorate of potash. Equal parts of the 
binoxide of manganese should be mixed with the 
salt. The manganese may be disregarded in the 
decomposition, as it undergoes no change — 

K0,C105 = KCl + 60. 

Third method. Decompose by heat the red oxide 
of mercury — 

HgO = Hg + O. 

Fourth method. By distilling in a glass retort the 
binoxide of manganese with sulphuric acid. The 
oxygen in this case is not very pure — 

MnOa + SO3 = MnO,S03 + O. 

Fifth method. By the voltaic decomposition of 
water. 

SULPHUR. 
Symbol, S ; Equivalent, 16. 

Physical Properties, — At ordinary temperatures 
sulphur is solid, of pale yellow colour, without taste, 
having a peculiar and characteristic odour. It is 
opaque, and exists both in an amorphous and crystal- 
line state. It is a bad conductor of heat and electri- 
city. At a temperature of 230° it melts into a thin 
liquid ; at a temperature of 430° it becomes thick and 
black like treacle; and at 790° it again becomes 
fluid and volatilises. The condensed vapour forms 
sublimed sulphur. 
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Sulphur bums with a pale blue flame. 

Specific Gravity, — 2*07. 

Chemical Properties. — A solid body, insoluble in 
water, but soluble in the sulphide of carbon and 
essential oils. 

Sulphur bums with a blue flame, forming sul- 
phurous acid, SOg. Sulphur combines with carbon 
at a red heat, forming the sulphide of carbon. 

Sulphur is found in volcanic districts, and is imported 
to this country chiefly from Tuscany and Naples. 

Uses, — For the manufacture of powder, lucifer 
matches, sulphuric acid, and in medicine. 

SuLPHUBous Acid. 
Symbol, SO, ; Equivalent^ 32. 

Physical Properties, — A colourless gas, with sharp 
odour and acid taste. It liquefies under a pressure 
of two atmospheres. 

Specific Gravity, — 2*234. 

Chemical Pro2)erties, — Composed of one equivalent 
of sulphur and two of oxygen, very soluble in water, 
and possesses a strong acid reaction on test-paper. 
It is not combustible or decomposible by heat, nor is 
it a supporter of combustion or respiration. 

Preparation,— ^j burning sulphur in air or oxygen. 
By heating in a flask copper and mercury with sul- 
phuric acid. 

Decomposition : — 

Hg} +2S0„H0={C-^§|g- + 2H0 + SO,. 

In preparing the hydrated sulphurous acid, carbon 
is substituted for copper. 

Uses, — As a bleaching agent* 
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SuLPHUBic Acid. 
Symbol, SO3 ; Equivalent, 40. 

Known for a long time as oil of vitriol, analysed 
by Lavoisier. 

Physical Properties, — Sulphuric acid in its an- 
hydrous state is a white, solid, crystalline body. The 
hydrated acid is a colourless liquid with an oily ap- 
pearance, without odour, and powerfully acid. 

Specific Gravity of Sulphuric Acid, — As HCSOj, 
1-843. 

Chemical Properties, — Composed of one equivalent 
of sulphur to three of oxygen. The ordinary acid 
has the following composition, 2HO,S08. ^^ ^^s a 
great affinity for water, and is used frequently as a 
desiccating agent. It carbonises organic substances, 
combining with the eleiQcnts of water, and liberating 
the carbon. It is a powerful acid. 

At a red heat it yields up an equivalent of oxygen, 
becoming sulphurous acid SO2. 

The nitrate of baryta will give a white precipitate 
on any solution containing sulphuric acid. 

Preparation of Sulphuric Acid, — Fumes of the 
binoxide of nitrogen, NO2, and sulphurous acid, SO2, 
pass simultaneously into a leaden chamber, into which 
a jet of stem plays. The air in the chamber converts 
the binoxide of nitrogen into hyponitric acid, NO4. 

Two equivalents of sulphurous acid act on one of 
hyponitric acid, NO4, reducing it to the binoxide of 
nitrogen, NO 2, which takes two equivalents of oxygen 
from the air in the chamber, Converting it again into 
hyponitric acid, to be acted on by two more equiva- 
lents of sulphurous acid: — 

~'^')2 + HO + NO4 = 2SO3 + HO + NO2. 
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The acid is afterwards reduced ta its proper strength 
by concentration. 

Nordhausen acid. — This acid is prepared from the 
sulphate of iron and green vitriol by distillation. The 
vapours of sulphuric acid pass over, which are dis- 
solved in water. 

The anhydrous acid may be prepared by distilling 
the Nordhausen acid, and surrounding the receiver 
with a freezing mixture. 

Sulphuric acid has a very extended application in 
the arts ; it is used in fancy dyeing, and the manufac- 
ture of many chemical products. 



SaLPHUBlBTTED HtDBOOEN — HyDROSULPHUBIC AcID. 

Symbol, HS ; Equivalent, 17. 

Discovered by Scheele in 1776. 

Physical Properties. — A colourless gas, having a 
strong, disagreeable odour, like rotten eggs. It lique- 
fies under a pressure of 16 atmospheres. 

Specific Gra vity, — 1 -9 1 . 

Chemical Properties. — It is composed of one equi- 
valent of hydrogen, and one of sulphur, HS. Very 
soluble in water, in which state it is usually employed 
in the laboratory. On exposure to air, the sulphur 
is precipitated. Sulphuretted hydrogen is a feeble 
acid; it is decomposed with sulphurous acid into 
water and sulphur : — 

2HS + SOa = 2H0 + 3S. 

It is also decomposed by chlorine into hydrochloric 
acid and sulphur : — 

CI + HS = HCl + S. 
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The inhalation of this gas is very injurious, and 
chlorine is employed to decompose it. It frequently 
exists as a natural exhalation from drains and decom- 
posing matter. 

The gas decolorises some substances. 

Preparation. — By decomposing the protosulphide 
of iron with sulphuric acid : — 

. FeS + HO, SO, = FeO,S03 + HS. 

By decomposing the tersulphide of antimony with 
hydrochloric acid : — 

SbSa + 3HC1 = SbCl, + 3HS. 
Sulphuretted hydrogen has no use in the arts. 



CHLORINE. 
Symbol, CI; Equivalent^ S5'5. 

Discovered in 1774 by Scheele, and named dephlo- 
gisticated marine acid, muriatic oxygen acid, oxy- 
muriatic gas. 

Properties. — A gas of greenish colour, having a 
strong suffocating odour, somewhat resembling sea- 
weed. It liquefies under a pressure of five atmospheres. 

Specific Gravity/. — 2*47. 

Chemical Properties. — A simple body, very soluble 
in water. Chlorine has a great aflinity for hydrogen. 
Many of the hydrogen compounds are decomposed 
with this element. A mixture of equal volumes of 
chlorine and hydrogen explode with great violence on 
exposure to sunlight. 

Moist chlorine destroys organic colouring matters. 
It is also used as a disinfectant. Chlorine has a feeble 
affinity for oxygen. 
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Preparation of Chlorine Gas. — Heat gently in a 
retort or flask the peroxide of manganese and hydro- 
chloric acid. Let them be well mixed before applying 
the spirit lamp : — 

2HC1 + MnOa = 2H0 + MnCl + CI. 

The gas may be collected by displacement. If a 
solution of the gas be required, it must be passed into 
Wolfe's apparatus. By gently heating in a flask com- 
mon salt, sulphuric acid, and the peroxide of manga- 
nese : — 

MnOa + NaCl + 2S0, = NaO,S08 + MnO,S03 + CI. 
Uses. — As a bleaching agent, and for disinfection. 



Htdrochlobig Aero. 
Symbol, HCl ; Equivakni, 36*6. 

Discovered in 1650, and called spirit of salt, marine 
acid, muriatic acid. 

Physical Properties, — A colourless gas, having a 
sharp, acid odour, and fumes on exposure to air. It 
is liquefied under a pressure of 40 atmospheres. 

Specific Gravity. — 1'245. 

Chemical Properties. — A body composed of one 
equivalent of chlorine united to one of oxygen. It is 
very soluble in water. The ordinary acid is a solu- 
tion of this gas (HCl + 16H0). 

Preparation of Hydrochloric Add Gas. — Heating 
common salt in a flask with concentrated sulphuric 
acid — 

NaCl + SO3HO = NaO,SO, + HCL 

Uses. — For the extraction of gelatine from bones, 
and for disinfectants. 
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Aqua Reoia. 

This 18 a mixture of one volume of nitric acid with 
three volumes of hydrochloric acid. Aqua regia is 
used to dissolve gold: — 

3N0a + 6HC1 + 4Au = 3N0, + 6H0 + 2AU2CI,. 

Bromine and Iodine are analogous in their chemical 
properties to Chlorine. 

AZOTE. — NITROGEN. 
Symbol, N ; Equivalent, 14. 

Discovered by Lavoisier in 1775. 

Physical Properties. — ^Permanently gaseous, v?rithout 
colour, odour, or taste. 

Density, 0972. 

Chemical Properties, — A simple body, slightly 
soluble in vrater. It is neither a supporter of com- 
bustion nor animal respiration, nor is it combustible. 
Under ordinary circumstances its properties are re- 
markably inert, but in combination it forms com- 
pounds of very energetic and powerful character. 

Prepara,tion.—'Rj burning phosphorus in a con- 
fined portion of common air. This is best done in a 
bell gas-jar standing over water. The phosphorus 
combines with the oxygen of the air, forming phos- 
phoric acid, PO5, which dissolves after a short time 
in the water. 

Second method. By passing a current of air 
through a tube of hard glass loosely filled with copper 
tur * '^'^e tube is raised to a red heat. Oxide 

f Tied, CuO, and the nitrogen liberated. 
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Atmosphebio Air. 

First analysed by Lavoisier in 1777. 

Physical Properties, — ^Permanently gaseous, without 
colour, odour, or taste. 

Density, compared with water, O'OOIS. 

Composition of air as determined by Lavoisier : — 
100 parts by weight contain — 



23 of oxygen 
77 of nitrogen 



100 



By volume — 



79-19 
20-81 

loo-op 

The air contains vapour of water, carbonic acid, 
and traces of ammonia. 

Air may be analysed by the process described in 
the second method, by allowing the nitrogen to pass 
into an exhausted glass globe. Previous to the appli- 
cation of heat the glass tube and copper turnings are 
carefully weighed, and also the glass globe. The 
increase of weight after the experiment gives the 
information. 

A less exact method is to introduce a piece of 
phosphorus, by means of a wire, into a graduated glass 
tube standing over water. The quantity of air in the 
tube is easily determined, by holding the tube upright 
and noticing the point to which the water rises. The 
whole is now left for twenty-four hours. The oxygen 
combines with the phosphorus, forming phosphoric 
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acid, which dissolves in the water. The phosphoras 
may be withdrawn and the residual gas read off, 
which is nitrogen. 

Air may also be analysed with the eudiometer. 

Fbotoude ov Nitboobk (Lattohino Gas). 
Symbol, NO ; Equivalent, 22. 

Physical Properties. — ^Permanently gaseous, without 
colour, having a sweet taste. 

Spectre Gravity. — 1'626. 

Chemical Properties, — It supports combustion 
almost equal to oxygen. Cold water dissolves nearly 
its own volume of the gas. Warm water must be 
used in the pneumatic trough. The most remarkable 
feature of the gas is its exhilarating effects on the 
animal system. When inspired the gas should be 
quite pure, and only inhaled for a short time. It is 
prepared by heating the nitrate of ammonia in a re- 
tort or flask. 

Preparation. — By decomposing the nitrate of am- 
monia by heat : — 

NH40,N05 = 2N0 + 4H0. 
It has no use in the arts. 

BiNOZIDB OF NiTROOBN. 

Symbol, NO, ; Equivalent, 30. 

Physical Properties. — Permanently gaseous, and 
without colour. 

Specific Gravity. — 1'038. 

Chemical Properties. — Composed of one equivalent 
of nitrofiren to two of oxygen. Insoluble in water, 
to test-paper. 
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In contact with air or oxygen it changes into deep 
red fumes of hyponitric acid, NO4. 

It is not combustible. 

Preparation. — By the decomposition of nitric acid 
by copper in the cold : — 

4NO5 -f 3Cu = 3CuO,N05 + NO2. 

This gas has no use. 

NiTBio Acid. 
Symbol, NOs ; Equivalentj S4. 

Sometimes called aquafortis, spirits of nitre. 

Physical Properties, — When anhydrous it is a white 
crystalline solid. In its hydrated state it is a liquid. 
When concentrated it gives off fumes on exposure to 
air, forming nitric acid. 

Specific Gravity of the Concentrated Acid, — 1'522. 

Chemical Properties, — Nitric acid is composed of 
one equivalent of nitrogen and five of oxygen. In 
its hydrated state it contains from one to two equi- 
valents of water. Ordinary nitric acid contains from 
three to four equivalents of water, N0g,4H0. 

It is a powerful acid, and combines with water with 
great energy. At a red heat it is decomposed. 

Nitric acid stains the skin yellow. 

The hydrated acid may be prepared by heating 
gently in a fiask the nitrate of soda with sulphuric 
acid. 

Decomposition : — 

NaO,N05 + 2H0,S0, = H0,N05 -f NaCSO, + 

H0,S03. 

Nitric acid is largely used in the arts for etching,, 
dyeing, &c. 

K 2 
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Ammokia. 
Symbol, NHj, HO ; or NH^O. 

Sometimes called the volatile alkali spirits of 
hartshorn. 

Physical Properties. — A colourless gas, having a 
suffocating odour. It liquefies under a pressure of 
seven atmospheres. 

Specific Gravity. — 0*597. 

Chemical Properties, — Composed of one of nitrogen 
to three of hydrogen. Very soluble in water. It is 
a powerful base, turns vegetable reds blue, and com- 
bines with great energy with acids to form salts. 

Ammonia is decomposed at a red heat. It is not 
combustible or a supporter of combustion ; and to 
inhale the gas is very injurious. 

Chlorine gas decomposes ammonia into the hydro- 
chlorate of ammonia and nitrogen. 

Preparation of Gaseous Ammonia, — 

NH4CI + CaO = CaCI + HO + NH,. 

Liquid ammonia is prepared by dissolving the gas 
in water. 

Ajnmonia is employed in medicine and dyeing. Its 
uses in nature are very numerous. 



PHOSPHORUS. 
Symbol, P ; Equivalent 32. 

This element was discovered by Brande, and made 
public in 1737. 

Physical Properties, — A solid, generally of a pale 
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straw colour, transparent, soft, and flexible. It is 
poisonous, and has a strong odour. In the dark it is 
luminous. There is another kind of phosphorus, called 
red or amorphous phosphorus, in which all the active 
properties of ordinary phosphorus are absent. 

Specific Gravity, — 1*77. 

Chemical Properties, — A simple body, insoluble in 
water, but soluble in the bi-sulphide of carbon. 

Phosphorus absorbs oxygen with great avidity. 
It combines with hydrogen in its nascent state. 

Preparation. — By distilling at a red heat a mixture 
of charcoal and phosphate of lime (bone earth). 

Phosphorus is extensively used in the manufacture 
of lucifer matches. 



Fhosphosig Acid. 

Symbol, PO5; Equivalent^ 72. 

Physical Properties, — In its anhydrous state it is 
a "white solid. There are three hydrates of this acid, 
all soluble in water : — 

P05,H0 ; P05,2HO ; P05,3HO. 

Anhydrous phosphoric acid absorbs water with 
great avidity, passing gradually into its hydrated 
state. 

Chemical Properties, — Phosphoric acid is a very 
energetic acid. It is decomposed with great diffi- 
culty. 

Preparation, — By burning phosphorus in dry air 
or oxygen, white flakes of anhydrous phosphoric acid 
are formed, which readily dissolve in water. 

By distilling phosphorus with nitric acid. 

k3 
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Phosphueetted Htdbogen. 
Symbol, FH3 ; Equivalent, 36. 

Physical Properties, — A gas without colour, having 
a strong, disagreeable odour, like garlic. 

Specific Gravity. — 1*13. 

Chemical Properties, — Composed of one equiva- 
lent of phosphorus to three of hydrogen. Has no 
action on vegetable colours Phosphuretted hydrogen 
inflames spontaneously in air, giving rise to phosphoric 
acid and water. 

Preparation. — ^By heating a mixture of the hydrate 
of potash with phosphorus. 

By decomposing water with the phosphide of 
calcium. 

CARBON. 
Symbol, C ; Equivalent, 6. 

Physical Properties. ~^ Solid, very infusible, without 
taste, sometimes without colour; as the diamond. 
Generally of a black colour. 

Density varies from 2 to 3*55. 

It is found in nature crystallised and amorphous. 

Carbon crystallised is a hard, dense body ; a good 
conductor of heat and electricity. 

Varieties. — The diamond, graphite, plumbago, coke, 
charcoal, bone-black, lampblack, anthracite. 

Amorphous carbon is less dense, and a bad con- 
ductor of heat and electricity. 

Chemical Properties. — A simple body, insoluble in 
water and other liquids. It has a great affinity for 
oxygen at high temperatures, and very combustible. 

Preparation of Carbon, — Charcoal is prepared by 
burning wood with a limited supply of air. 
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Lampblack is prepared by burning oil or resinous 
substances. The lampblack collects in fine powder 
in the upper part of the chimney. 

Coke is prepared by the combustion of coal in 
closed retorts, as in the manufacture of gas. 

Bone charcoal is prepared by calcining bones in 
closed vessels. 

ZTses, — For the manufacture of pencils, India ink, 
black crayons, purifying water. 

Animal charcoal is used as a decolorising agent in 
sugar-refineries. 



Bisulphide of Cabbon. 
Symbol, CS, ; Equivalentf 38. 

Discovered by Lampadius in 1796. 

Physical Properties, — A thin, mobile, colourless 
liquid, with a most disagreeable odour, and very 
volatile. 

Specific Gravity, — 1*293. 

Chemical Properties, — Composed of one of carbon 
and two of sulphur. Without action on vegetable 
colours, insoluble in water, but very soluble in alcohol. 
It burns, giving rise to sulphurous and carbonic acid. 
It forms a detonating mixture with oxygen when 
inflamed. 

Bisulphide of carbon is somewhat analogous to 
carbonic acid. 

Uses, — ^Vulcanising India rubber and gutta percha^ 
and killing moths. 
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Light Cabbubettbd Htdsooen. 
Symbol^ C2H4 ; Equivalent, 16. 

Known as inflammable air, marsh gas, fire-damp. 

Physical Properties. — Permanently gaseous, without 
colour, but having a disagreeable odour. 

Specific Grat7i^. — 0*556. 

Chemical Properties. — It is composed of two equi- 
valents of carbon and four of hydrogen, neutral in its 
action upon vegetable colours, and insoluble in water. 

It is. not a supporter of combustion or respiration. 

It is combustible when mixed with common air ; it 
detonates violently, forming carbonic acid and water. 

Preparation, — Sixty parts of quicklime, forty parts 
of solid caustic potash, and forty parts of the crys- 
tallised acetate of soda, are strongly heated together 
in a retort. The reaction consists in the conversion 
of acetic acid by the elements of water into carbonic 
acid and light carburetted hydrogen. The affinity 
of potash for carbonic acid being the determining 
cause. The lime merely prevents the potash from 
fusing and attacking the glass. 

Decomposition : — 



Acetic acid, C4H3O3 

HO 



2 eq. : C2O4 

C2H4 = 2CHjj 

C4H4O4. 



C4H4O, 

This gas has no use in the arts. 



Hbavt Gasbubetted Htdrooen. 
Symbol, G4H4 ; Equivalent, 28. 

Sometimes called olefiant gas. 

Physical Properties. — At ordinary temperatures a 
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gas, but not permanently gaseous. It is without 
colour, and has the odour of ether. 

Specific Gravity. — 0*978. 

Chemical Properties, — It is composed of four equi- 
valents of carbon and four of hjdrogen. Neutral to 
test paper, and insoluble in water. Mixed with air, 
it forms an explosive compound. When inflamed, it 
forms carbonic acid and water. 

It is decomposed at a high temperature. 

It is not a supporter of combustion or respiration. 

When mixed in equal volumes with chlorine and a 
light introduced, an oily liquid is formed, — Dutch oil. 
If the chlorine be in excess there is an abundant 
deposit of carbon. 

Preparation. — By heating in a flask one part by 
measure of alcohol, C4Hg02, to five or six parts of 
sulphuric acid, SOsjHO. 

Decomposition : — 

C4H6O2 + S03,H0 = SO33HO + C4H4. 

Coal Gas. 

Obtained by the distillation of coal in iron retorts. 
It is a mixture of light carburetted hydrogen, heavy 
carburetted hydrogen, carbonic oxide, hydrogen, and 
other volatile products. The clearness of the light is 
owing to the presence of solid particles of carbon 
raised to white heat. 

SmCON. 
SiLicio Acid. 
Symbol, SiO, ; Equivalent^ 45*3. 
Physical Properties. — A solid crystalline body, 
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found in nature as quartz, agate, silex, fiint, and 
sand. It is very refractory, scarcely yielding to the 
heat of the oxyhydrogen blowpipe. 

Chemical Properties, — Composed of one of silicon 
to three of oxygen. It is insoluble in water and acids. 
Silicic acid unites with bases, forming silicates. It 
is decomposed by hydrofluoric acid. 

Its uses in the arts are numerous. 

Natural Silicates, — Felspar-clays. 

Artificial jSi/icato«.— Earthenware^ glass, porce- 
lain, &c. 



HYDROGEN. 
Symboly H ; Equivalent^ 1. 

Discovered by Cavendish in 1777, and called in- 
flammable air. 

Physical Properties, — ^Permanently gaseous, without 
colour, odour, or taste. 

Density, 0069. 

Chemical Properties, — Simple body, slightly soluble 
in water. Has a great affinity for oxygen, and com- 
bines with that gas, forming an explosive mixture, 
which detonates violently on the application of a 
light. 

It is combustible, but not a supporter of either 
combustion or respiration. It does not combine 
directly with nitrogen to form ammonia. 

Preparation, — First method. Decomposition of 
cold water by zinc or iron in the presence of sul- 
phuric acid — 

Zn + SOa,HO = ZnCSOs + H, 
Fe + SO»HO = FeO,SO, + H. 
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Second method. By passing steam through a gun 
barrel, loosely filled with iron turnings, and raised to 
a red heat — 

4H0 -f 3Fe = Fe804 + 4H. 

Uses, — Formerly employed to inflate balloons. 
The oxyhydrogen light of Drummond. The oxy hy- 
drogen blowpipe. 



Fbotoxide of Hydrogen. — "Watbb, 
Symbol, HO; Equivalenif 9. 

Physical Properties, — A compound body, liquid at 
the common pressure and temperature. At 32° Fahr. 
it solidifies into ice. At 212° Fahr. it passes into 
steam. 

Water is without colour, but in large masses it ap- 
pears of a blue colour. It is without taste or smell. 

Chemical Properties, — Composed, by weight, of 1 
of hydrogen to 8 of oxygen ; by volume, 2 of hydrogen 
to 1 of oxygen. The composition of water was dis- 
covered by Cavendish and Nicholson in 1800. The 
exact quantitative composition of water was deter- 
mined by Gay-Lussac and Humboldt. 

Analysis of Water, — First method. By the de- 
composition of steam when passed through a red-hot 
iron tube. 

Second method. The decomposition of water by 
voltaic electricity. 

Water is a solvent for most substances. Vegetable 
tinctures dissolve readily. 

When water enters into composition with acids or 
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salts they are called hydrated acids or salts ; when 
destitute of water they are said to he anhydrous. 

The purification of water is effected hy distillation ; 
such water is called distilled water, and is extensively 
used in the laboratory. 

The uses of water are almost innumerable. 



109 



METALS 



POTASSIUM. 
Symbol, K ; Equivalent, 39. 

This metal was discovered by Sir H. Davy, in 
1807, by exposing the hydrate of potash, KO,HO, 
to the action of a powerful voltaic battery between 
two plates of platinum. 

Potassium occurs in nature in combination with 
silicic acid, SiOj, in granite, trap, basalt, and other 
igneous rocks. These rocks crumble down by the 
action of the atmosphere, and the potash finds its 
way into the soil. Soils destitute of potash are 
uniformly barren. It is worthy of remark here, that 
the leaves and young parts of plants contain the 
most potash, while the trunks of trees contain scarcely 
any. 

Potassium in combination occurs in most natural 
waters, and in the sea as the bromide of potassium, 
KB, the iodide of potassium, KI, and the chloride of 
potassium, KCl. 

Potassium is prepared in the following manner : — 
A mixture of the carbonate of potash, K0,C02, ^^^ 
charcoal is prepared, and thoroughly dried in a 
covered iron pot. When quite cold it is reduced to 
powder, and mixed with -^ of charcoal, in small 
lumps. The mixture is then transferred to a well 
hammered iron retort, or a bottle in which mercury 
is imported. The retort is placed in a furnace and 

L 
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the fire supplied with dry wood, so that the retort 
is enveloped in fiame and kept at a uniform heat, 
approaching to whiteness. A copper receiver is 
divided by a partition, into one portion of which a 
tolerably large pipe from the retort dips into naphtha. 
The other side of the receiver is filled with ice. 
The fire is now raised in temperature. When de- 
composition of the carbonate of potash, KCCOa, by 
the charcoal takes place, carbonic oxide, CO, is 
abundantly disengaged, and large melted drops of 
potassium fall into the naphtha. Decomposition : — 

KO,COa -f 2C =: K -f 3C0. 

If the potassium is required very pure, it is redis- 
tilled with naphtha in an iron retort. 

Potassium has a bluish white colour. It can be cut 
with a knife ; at 32°, it is crystalline ; at 70°, like 
treacle ; at 150°, it liquefies. It has a sp. gr. of 
0-865. 

When potassium is exposed to oxygen, it loses its 
metallic lustre, and becomes potash, KO, which en- 
closes the metal with a white powder. When thrown 
upon water, HO, the powder is dissolved off*, and the 
pure metal comes in contact with the water, HO, 
and owing to its powerful affinities for oxygen, the 
water is decomposed into its elements, H and O. The 
high temperature caused by this combination is suf- 
ficient to ignite the hydrogen. If potassium is heated 
in dry air we obtain potash, KO, but if the air be 
moist, then hydrate of potash, KO,HO. 

The hydrate of potash, KO,HO is a very important 
compound. It is always prepared by decomposing 
the carbonate of potash, K0,C02, with the hydrate 
of lime, CaO,HO, forming the carbonate of lime, 



POTASH. Ill 

CaO,C02, which is insoluble, the hydrate of potash 
KO,HO remaining in solution : 
Decomposition — 

CaO,HO, + KO,COj = KO,HO +CaO,COa. 

• 

The liquid containing the hydrate is boiled down, 
when all the water except one equivalent is evaporated. 
This furnishes the solid hydrate or caustic potash. 
It is raised in temperature till it melts, when it is run 
into cylindrical moulds about the size of lead pencils. 
It is kept in good stoppered bottles, owing to its 
powerful affinities for water, HO, and carbonic acid, 
CO2. 

The hydrate of potash, KO,HO, is soluble in 
water, highly alkaline, and neutralises most com- 
pletely the most powerful acids. It dissolves the 
skin, and is used by medical men for that purpose. 
If a solution of the hydrate of potash KO,HO, be 
shaken with any of the fixed oils, we have soap. 

Salts of potass, carbonate of potash, K0,C02 + 
2H0, known as potashes or pearlash. It is brought 
to this country from America and Russia, where it is 
obtained from the ashes of burned wood (the potash 
being derived from the soil). The ashes are put into 
large barrels of water. After some time, the water, 
saturated with soluble carbonate of potash, K0,C02, 
is drawn off and evaporated to dryness in iron caul- 
drons. The potash is very impure, containing along 
with the carbonate, the silicate, sulphate, and chloride 
of potassium. The pure carbonate is obtained by cal- 
cining the tartrate of potash, digesting the mass with 
water, and evaporating the filtered liquid to dryness. 
Carbonic acid, CO2, is too feeble an acid to completely 
neutralise the alkaline reaction of potash. It has there- 
fore an alkaline taste and action on vegetable colours. 

L 2 
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It is used in medicine and the manufacture of glass 
and soap. 

The bicarbonate of potash, KCCOa + HOjCOj, 
is obtained by passing carbonic acid, €62^ through a 
solution of the carbonate of potash, KO, C02> when 
you obtain a white crystalline precipitate of the 
bicarbonate of potash, K0,C02 + H0,C02- I* is 
less soluble than the carbonate. 

Nitrate of potash, KO, NO5. — ^Nitre or saltpetre is 
brought to this country chiefly from the East Indies, 
where it appears, in some parts, like snow on the top 
of the ground. The nitre is collected, dissolved in 
water, to which a little carbonate of potash, K0,C02, 
is added, to throw down the lime. The liquid is 
evaporated, and we obtain the nitre of commerce. It 
is used for the manufacture of nitric acid, NO5, and 
gunpowder. It has the property of preserving meat. 
In France, large quantities of nitrate of potash, 
KOjNOs, ^^^ manufactured in the following manner : 
Heaps of old mortar and earth are collected and pro- 
tected from the rain in a shed freely exposed to the 
air by having ho sides, merely a roof to keep off the 
rain. These heaps are constantly turned and watered 
with putrid urine. When a good quantity of the salt 
has been obtained it is collected and mixed with 
water. The solution contains carbonate of potash, 
KOjCOa, and nitrate of lime, CaCNOj. The filtered 
solution is then evaporated to dryness, and the salts 
purified by re-solution and crystallisation. The ni- 
trate of potash, KCNOs, has no action on vegetable 
colours : it crystallises into six sided prisms, and is 
very soluble in water. When thrown on the metals 
in a state of fusion, oxidation occurs at the expense 
of the oxygen of the nitric acid, NO5. 

Gunpowder is a mixture of nitrate of potash, 
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K0,N05, sulphur, and charcoal, in the following pro- 
portions : — 

Nitrate of potash, KOjNOs . . 75 

Carbon, C 15 

Sulphur, S JO 

100 

The best charcoal for this purpose is manufactured 
from dogwood or elder. When this mixture explodes, 
the following rearrangement of the elements takes 
place : the oxygen of the nitrate of potash, KOjNOs, 
goes to the carbon, forming carbonic acid, COq ; 
the sulphur combines with the potassium, forming the 
sulphide of potassium, KS ; and the nitrogen is set 
free. A volume of gas is formed occupying a space 
1600 times greater than the powder, and this ac- 
counts for the violence of the explosion. 

Sulphate of potash, KOjSOg. — This salt is formed 
as the residue of the process for the manufacture of 
nitric acid, NO5, from the nitrate of potash, KO, N.Og, 
in the presence of sulphuric acid, SO,. 

Decomposition — 

KCNOg -f H0,S08= HCNOfi + KCSO,. 

The sulphate of potash is soluble in water, and 
is used in medicine. The bisulphate of potash, 
KO,2S03 is used in calico printing. 

Chlorate of potash, K0,C105, is largely consumed 
for the manufacture of lucifer matches. It is pre- 
pared by passing a current of chlorine through a hot 
solu^on of caustic potash. Six equivalents of chlorine 
act on five equivalents of potash, KO, forming Hve 
equivalents of chloride of potassium, KCl, and one 
of chloric acid, ClOs, which then unites with a sixth 
equivalent of potash, KO, forming five equivalents of 

L 3 
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chloride of potassium, KCl^ and one of chlorate of 
potash, KCClOg :— 

CI 

C1,K0 

C1,K0 

C1,K0 

C1,K0 

C1,K0 



5KC1 + K0,C10. 



When this salt is heated, oxygen is abundantly dis- 
engaged, both from the acid and the base. The chlorate 
of potash, KOjClOg, deflagrates violently with com- 
bustible matter, explosion sometimes occurring by 
slight blows or touches. Sulphur and chlorate of 
potash, KOjClOj, explode with a loud report. It 
cannot be used for gunpowder for these reasons. 

The iodide of potassium, KI, is prepared by adding 
iron filings to iodine water until the combination is 
complete and the solution colourless. The resulting 
iodide of iron, Fel, is filtered and decomposed with a 
pure solution of carbonate of potash, KOjCOg, when 
the following decomposition takes place : — 




FeO,C02. 



Or, Fel + K0,C02 = KI + FeO,COa. 

The iodide of potassium, KI, is separated by filtration 
And evaporation till the liquid is sufiicicntly concen- 
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trated to crystallise in cooling. It is very soluble in 
water, and crystallises in cubes. The bromide of 
potassium, KBr, may be prepared in the same way, 
substituting bromine for iodine. 

All the salts of potash, KO, are without colour when 
not associated with a coloured metallic oxide or a co- 
loured acid. They are all more or less soluble in water. 

Tests for Potash. 

If tartaric acid be added to a potash solution, a 
white crystalline precipitate of cream of tartar is« 
thrown down. Agitation and a few drops of hy- 
drochloric acid, HCl, promote the precipitation. 
Some time generally elapses before the appearance 
of the precipitate. Bichloride of platinum, in mo- 
derately dilute solutions of potash salts (on the 
addition of a little hydrochloric acid, HCl), gives a 
crystalline yellow precipitate, which is a double salt 
of bichloride of platinum and potassium. This com- 
pound and the cream of tartar are soluble in 60 parts 
of cold water. A little alcohol increases the delicacy 
of both tests. 

Salts of potash colour the outer blowpipe flame 
purple or violet. This is only seen to advantage^ 
when the salts are pure. A little nitrate of potash 
thrown into a clear coal fire produces the same effect. 
A salt of potash, placed on a plate with a little alcohol 
and inflamed, produces a beautiful violet flame. 

SODIUM. 
Symbol, Na; Equivalent^ 22*97. 

This metal was obtained a few years after by Davy, 
by a similar method to thAt described under potassium. 
It is usually prepared by decomposing the carbonate of 
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soda, NaOjCOg, at a high temperature, with charcoal. 
Six parts of anhydrous soda are dissolved in a little 
hot water, and mixed with two parts of finely-pow- 
dered charcoal and one part of charcoal in lumps. 
The whole is then evaporated to dryness, transferred 
to an iron retort, and heated to whiteness. The tube 
of the retort passes into a receiver, containing rock- 
oil, and the whole operation is carried on the same 
as described under potassium. The process is easier 
than in the preparation of potassium, and more cer- 
tain in its results. Sodium is a silver-white metal, 
soft at ordinary temperatures, melts at 195°, and 
oxidises in air, passing into soda, NaO. Its sp. gr. 
is 0-972. 

Sodium thrown upon water decomposes it with great 
energy, the temperature seldom rising high enough 
to inflame the liberated hydrogen. In hot water it 
takes fire at once, burning with a yellow flame, and 
giving rise to a solution of soda, NaO. Sodium re- 
sembles potassium in its properties. 

Sodium occurs abundantly in nature, but not in 
its free state. Its most important native compound 
is the chloride of sodium, NaCl, which, as rock salt, 
occurs in immense beds in different parts of the earth, 
and sea water. Every natural water contains small 
quantities of this metal in combination. Small quan- 
tities of soda occur in most land plants, but largely in 
kelp and marine plants. 

Soda, NaO, is obtained by exposing thin slices of 
the metal to dry air. 

The hydrate of soda, NaO,HO, is obtained by de- 
composing a dilute solution of carbonate of soda, 
NaO,C02 '^i*^ hydrate of lime, CaO,HO, the same 
as described under the hydrate of potassium, KO,HO. 

The solid hydrate is white, highly alkaline, and a 
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powerful solyent for animal matter. It is used in 
large quantities for making soap. 

Salts of soda, carbonate of soda, NaO,C02 + lOHO. 
— This is one of the most important compounds of soda, 
from its consumption in glassmaking, bleaching, wash- 
ing, baking, and medicine. It is obtained from va- 
rious sources. One is from the ash of a plant which 
is cultivated on the shores of the Levant, called the 
salsola soda. It is produced in several places on the 
coast of Spain. This is the barilla of commerce, and 
contains about 18 per cent, of the carbonate of soda, 
NaO,C02. That made in Brittany from sea weeds, 
and called varec, contains about 5 to 6 per cent. 

The native sesquicarbonate of soda, 2NaO,3C02, is 
found as a natural product on the margins of certain 
lakes in Egypt, Africa, Mexico, and Hungary. The 
natron lakes of Egypt have yielded soda from a very 
remote period. By far the greater part of the 
carbonate of soda, NaO,C02j ^^ manufactured from 
the sulphate of soda, NaOjSOj, by the following 
method : — About 600 lbs. of chloride of sodium, NaCl, 
is placed upon the hearth of a well-heated rever- 
beratory furnace, and an equal weight of sulphuric 
acid, SO3, sp. gr. 1*6, is poured upon it from an open- 
ing in the roof. The sulphuric acid, SO3, is thoroughly 
mixed with the salt ; hydrochloric acid, HCl, is dis- 
engaged, which is either allowed to pass up the 
chimney or condensed. The salt by this process is 
converted into the sulphate of soda, NaOjSOg, and 
hydrochloric acid, HCl. 

This sulphate is reduced to powder and mixed 
with an equal weight of chalk, CaO,C02, and about 
half as much ground coal. Two cwt. of this mix- 
ture is thrown into a reverberatory furnace and 
heated to fusion, with constant stirring. When the 
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decomposition is thought complete, the melted mass 
is raked into an iron trough, and allowed to cool. It 
is then broken up into little pieces, lixiviated with 
water, the solution evaporated to dryness, and the 
salt calcined with a little sawdust in a suitable fur- 
nace. This is the soda ash or British alkali of com- 
merce, and, when good, contains about 50 per cent, 
of pure soda, • NaO, partly as the carbonate of soda, 
NaO,C02, and partly as the hydrate of soda, NaO, HO, 
the remainder being the sulphate of soda, NaO, SO,, 
chloride of sodium, NaCl, and traces of the sulphite 
and hyposulphite of soda. By dissolving this soda 
ash in hot water, and filtering the solution, the car- 
bonate of soda, NaO,C02, ^s deposited in large 
crystals as the solution cools. The reaction which 
takes place in the calcination of the sulphate with 
coal dust is as follows : — ^^The combustible matter of 
the coal converts the sulphate of soda, NaOjSOg, into 
the sulphide of sodium, NaS ; this sulphide of sodium, 
NaS, is then decomposed by the chalk, CaO,C02. 



CaS. 
NaCCOj. 

NaS + CaCCOa = CaS + NaOjCOg. 

This process for the manufacture of the carbonate 
of soda, NaOjCOa, was originally proposed by Le- 
blanc, and although other methods have been pro- 
posed, this. is found the most advantageous. 

The ordinarycrystalsof carbonate of soda, NaO,C02, 
contain 10 equivalents of water, but by careful man- 
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agement tliey are sometimes obtained with seven, nine, 
fifteen, and sometimes with only one equivalent of 
water. When heated, they fuse in their water of 
crystallisation. The salt dissolves in two parts of 
cold water, and in less than its own weight of boiling 
water. The solution has a strong alkaline reaction 
and taste. 

The bicarbonate of soda, NaO.COa + H0,C02.— 
This salt is prepared by passing carbonic acid, CO2, 
into a cold solution of the neutral carbonate, or by 
placing crystals of the bicarbonate of soda, NaO,C02, 
in an atmosphere of carbonic acid, CO3. A solution 
of the bicarbonate of soda, NaO, COj + HOjCOg, is 
feebly alkaline, and much milder than the carbonate. 

The sesquicarbonate of soda, 2NaO,3C02 H- 4H0, 
occurs on the banks of the soda lakes of Sokena in 
Africa. It is exported to this country under the 
name of trona. This is a bye product in some 
chemical manufactures. 

Sulphate of soda, Glauber's Salty product, NaO, SO3 
+ lOHO. — It may be prepared by adding dilute 
sulphuric acid, SO,, to a solution of the carbonate 
of soda, NaO,C02. This salt is slightly bitter and 
purgative. The mineral springs of Cheltenham con- 
tain this salt. 

The bisulphate, NaO,S03 + HOjSOs + 3H0.— 
This salt is very soluble in water ; has no acid re- 
action. When strongly heated it gives up an equiva- 
lent of sulphuric acid, SO3, and becomes the sulphate 
of soda, NaO,S03. 

The hyposulphite, NaO,S202, is largely used in 
photography. It is prepared by forming the neutral 
sulphite of soda by passing a stream of well-washed 
sulphurous acid, SO 2, into a strong solution of th^ 
carbonate of soda, NaO>C02 ; and digesting the solu- 
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tion with sulphur at a gentle heat for several days ; 
then, bj a careful evaporation at a moderate tempera- 
ture, large and regular crystals of hyposulphite of 
soda, NaO,S302, are obtained, which are very soluble 
in water. 

Nitrate of soda, NaOjNOs- — Cubic Nitre occurs 
native in enormous quantities in Peru, where it forms 
regular beds to a very great extent. The nitrate of 
soda, NaOjNOs, is used for making nitric acid, NOg ; 
but it cannot be used for gunpowder, as the salt 
burns too slowly and absorbs moisture. 

The tribasic phosphate of soda, 2NaO,HO,P05 -f 
24HO, is prepared by precipitating the phosphate of 
lime with the carbonate of soda. 

A second salt, sometimes called the sub-phosphate, 
has the formula 3NaO,P05 -1- 24HO. This is obtained 
by adding caustic soda to the preceding salt. 

The tribasic phosphate of soda, and ammonia, and 
water, Microcosmic Salt, NaO,NH40,HO,P05 + 8HO. 
This salt is prepared by dissolving six parts of the 
common phosphate of soda in two of water, when 
the whole is liquefied. One part of chloride of 
ammonium, NH^Cl, is added ; when the chloride of 
sodium, NaCl, separates, which is removed by the 
filter ; and from the properly concentrated solution, 
the microcosmic salt crystallises out. 

Bibasic, phosphate of soda, 2NaO,P05 + lOHO. 

Monobasic, phosphate of soda, NaO,P06. 

All the tribasic phosphates give a bright yellow 
precipitate with nitrate of silver, AgO,N05 ; the bi- 
basic and monobasic give white precipitates with the 
same salt. 

Biborate of Soda, Borax, NaO,2B03 + lOHO — 
This salt occurs in the waters of certain lakes in 
Persia. The impure salt is imported to this country 
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from the East Indies, under the name of tincal. A 
great quantity of this salt is now prepared from the 
native boracic acid, BO3, of Tuscany, where it occurs, 
uncombined, in the hot springs of that country. Al- 
though this is an acid salt, it has an alkaline reaction 
to test-paper. It is used in the arts for soldering 
metals ; its action consists in rendering the surfaces 
of the metals to be joined metallic, by dissolving off 
the oxide. It sometimes enters into the composition 
of the glaze with which stone-ware is covered. The 
refined borax is used by the washerwomen of Hol- 
land and Belgium, to whiten linen and to soften 
water. About a handful is mixed with ten gallons 
of boiling water. The saving of soap is nearly one 
half, and the borax does not injure the linen. 

Common Salt, chloride of sodium, NaCl. — A large 
quantity of salt is obtained from saline springs ; but 
our chief supply is from the mines of Cheshire. Rock 
salt is always too impure for use ; and if no natural 
brine-spring exists, one is formed by sinking a shaft 
into the rock salt, and introducing water. This 
water, when saturated, is pumped up, and evaporated 
in large iron pans. As the salt separates, it is re- 
moved by means of a wooden scoop, and pressed, while 
moist, into moulds, and then transferred to the drying 
stove. When large crystals are required, as for bay 
salt, the evaporation is conducted very slowly. Com- 
mon salt generally contains a little chloride of mag- 
nesium, MgCl. The iodide of sodium, Nal, and the 
bromide of sodium, NaBr, are similar to the cor- 
responding potassium compounds. 

Tests. 

All the soda salts are very soluble in water, except 
the antimoniate of soda. The presence of soda- is 
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generally determined by purely negatiye evidence, 
A solution of some salt of soda is prepared, the chlo- 
ride of sodium, NaCl, or carbonate of soda, NaO,C02, 
may be taken, and five test-tubes half filled with the 
solution. The following reagents must be carefully 
added in the order given : — 

Add the hydrosulphide of ammonium, NH4HS ; no 
precipitate. 

Add carbonate of ammonia, NH40,C02;no precipi- 
tate. 
The salt is a compound of potassium or sodium. 

Add tartaric acid ; no precipitate. 

Add bichloride of platinum ; no precipitate. 

Quick lime, or caustic potash, and gently heated ; 
no odour of ammonia. 

Evaporate the solution to dryness, and observe the 
colour it gives to the outer flame of a blowpipe. 
A bright yellow will indicate the presence of soda. 



AMMONIUM. 
Symbolf NH4 ; Equivalent^ 18. 

In connection with potassium and sodium, ammo- 
nium may be conveniently studied. 

Ammonia, NH4O, is the oxide of a hypothetical 
body, called ammonium. The salts of ammonia cor- 
respond exactly with those of potash and soda. All 
attempts to isolate ammonium have failed, from its 
tendency to separate into ammonia, NH3, and hydro- 
gen. Ammonium plays the part of a metal in the 
composition of salts ; it is capable of replacing sodium 
and potassium. The sal-ammoniacum of the Romans 
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was the hydrochlorate or muriate of ammonia^ and 
was obtained as a natural produce from a district in 
Libya. It was called by the alchemists spirits of 
hartshorn, because it was obtained by the distillation 
of deers' horns, in close vessels. It is sometimes called 
the volatile alkali. 

Although ammonium has never been isolated, it is 
possible that it is not behind potassium and sodium 
in metallic lustre, and the ordinary physical characters 
of a metal. 

If a small quantity of mercury be heated in a test- 
tube with a grain or two of potassium or sodium, and 
a gentle heat applied, violent combination ensues, 
attended with the production of light and heat. When 
cold, the fluid amalgam is put into a saucer, and co- 
vered with a' strong solution of the hydrochlorate of 
ammonia. The mercury increases enormously in vo- 
lume, and a pasty ammoniacal amalgam is formed. 
Left to itself, it quickly decomposes into mercury, 
ammonia, and water. 

The great resemblance the ammoniacal salts bear 
to those of potash and soda, is the chief argument 
in favour of the existence of ammonium. 

In the manufacture of coal gas, much ammonia is 
formed by the combination of the nitrogen and 
hydrogen of the coal. In the manufacture of bone 
charcoal ammonia is also produced; but in both 
cases it is very impure. 

If a sal-ammoniac be reduced to powder, mixed with 
quick-lime, and heated in a retort, gaseous ammonia 
is abundantly evolved ; and as water dissolves about 
500 volumes of the gas, it must be collected over 
mercury, or by displacement. The vessel in which 
tlie gas is collected must be held above the orifice 
from which it is issuing, the same as if it were 

H 2 
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hydrogen. The following decomposition takes 
place: — 

NH3,HC1 + CaO = NH, + CaCl + HO. 

Ammonia compounds are now largely manufactured 
from gas liquor, and the condensed products obtained 
from the distillation of bones and other animal refuse, 
as mentioned under bone charcoal.' It was formerly 
obtained in Egypt from the soot of camel's dung. 

The alkaline action of ammonia may be tried with 
turmeric, litmus paper, or purple cabbage water. 

When ammonia comes in contact with one of the 
volatile acids, dense white fumes are formed. A test 
tube rinsed out with hydrochloric acid, HCl, and held 
over a vessel from which ammonia is issuing, white 
fumes and solid crystals of sal-ammoniac are formed 
by the union of the ammonia with the hydrochloric 
acid, HCl. 

If gaseous ammonia, or ammonia water, be added to 
a solution of sulphate of copper, a splendid azure blue 
compound is formed. This colour is formed by a 
bluish precipitate, which is redissolved by excess of 
ammonia, and the blue colour produced afterwards. 

Ammonia, when uncombined, may be readily recog- 
nised by any of the characters I have above described. 

Salts of ammonia. Sal-ammoniac, NH4CI, is pre- 
pared from gas or bone liquor. The solution is treated 
with a slight excess of hydrochloric acid, HCl, by 
which the anunonia is neutralised, and the carbonate 
of ammonia, NH40,C02, and sulphide of ammonium, 
NH4S, are decomposed, with evolution of carbonic 
acid, CO2, and sulphuretted hydrogen, HS. The 
liquid is evaporated to dryness, and the salt carefully 
heated to expel the tarry matter with which it is 
associated. It is then purified by sublimation in iron 
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vessels lined with clay and covered with domes of 
lead. This salt is sublimed without decomposition. 
Chloride of ammonium, NH4CI, forms double salts 
with the chloride of magnesium, MgCl, chloride of 
nickel, NiCl, chloride of cobalt, CoCl, chloride of zinc, 
ZnCl, chloride of copper, CuCl, and chloride of man- 
ganese, MnCl. 

Sulphate of ammonia, NH40,S03 4-HO. — This salt 
may be prepared by neutralising the carbonate of 
ammonia with sulphuric acid ; but it is largely manu* 
factured for agricultural and commercial purposes by 
neutralising gas liquor with sulphuric acid, evapo- 
rating the solution, and purifying the product, which 
is impure sulphate of ammonia, NH40,S02 + lOHO. 
The salt NH40,S03 + HO is soluble in two parts of 
cold water, and crystallises in long six-sided prisms, 
which lose an equivalent of water when heated. The 
sulphate of ammonia is entirely decomposed by igni- 
tion, and by long boiling with water the ammonia is 
volatilised, and the liquid rendered acid. 

Carbonate of ammonia^ NH40,C02. — The car- 
bonates of ammonia are very numerous. The neutral 
anhydrous carbonate, NH3CO2, is prepared by the 
direct union of well dried and cooled carbonic acid, 
CO2, and anmioniacal gas. These gases combine in 
the proportion of one volume of carbonic acid, C02» 
with two volumes of ammonia, NH3. The compound 
is very volatile, has a pungent odour, is soluble in 
water, and condenses in white flakes. The carbonate 
of ammonia used in medicine is prepared by subliming 
a mixture of chloride of ammonium, NH4CI, and car- 
bonate of lime, CaO,C02* This compound contains a 
less quantity of base than the neutral carbonate. Its 
composition varies, but in freshly-prepared specimens 

it approaches the sesquicarbonate, 2NH,HO,3C02. 

X 3 
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Sesquicarbonate of ammonia, 2NH40,C02. — This 
salt is very unstable ; it is decomposed by a slight 
increase of temperature. By exposure to air, it loses 
its odour, and becomes a soft, white powder, which is 
the bicarbonate of anmionia. 

Bicarbonate of ammonia, NH40,C02 + H0,C02. 
— This salt, although volatile, is more permanent 
than the sesquicarbonate. The bicarbonate of am- 
monia, NH40,C02 + H0,C02, resembles, in every re- 
spect, the bicarbonate of potash, K0,C02 + H0,C02. 

Nitrate of ammonia, NH40,N05, is prepared by 
adding dilute nitric acid, NOij, to the carbonate of 
ammonia, NH40,C0, until the solution is neutralised by 
slow evaporation at a moderate temperature. The 
salt crystallises out in six-sided prisms, like the 
nitrate of potash, KOjNOs, and deflagrates like that 
salt. When heated with combustible matter, it ab- 
sorbs moisture, and is decomposed by heat into nitrous 
oxide and water. 

The acetate and citrate of ammonia, NH4O, are 
prepared by neutralising the carbonate with acetic or 
citric acid. 

When ammonia, or its carbonate, is neutralised by 
hydrochloric acid, HCl, hydlrosulphuric acid, HS, 
hydriodic acid, HI, and hydrobromic acid, HBr, the 
resulting salts are anhydrous. A dry acid is united 
to dry ammonia, and the salts have this formula: 
NH8,HC1; NH8,HS ; NHj^HI; NHj^HBr. 

The sulphide of ammonium may be prepared by 
distilling the chloride of ammonium, NH4CI, with the 
corresponding sulphide of potassium or sodium. The 
bi-sulphide of ammonia is a compound of great 
practical utility, NH4S -f- HS. It is obtained by 
saturating a solution of ammonia with well-washed 
sulphuretted hydrogen until the solution is saturated. 



BARIUM. 127 

By exposure to light, it becomes slightly yellow. It 
gives precipitates with most metallic solutions, several 
of which are very characteristic. 

Tests. 

All the salts of ammonia are more or less soluble. 
The acid tartrate and double chloride of ammonium 
and platinum being the least so. Aipmonia, therefore, 
gives with the bichloride of platinum, PtCl2, and 

with tartaric acid, 2H0,T, the same reactions as po- 
tash. The precipitates are similar in composition. 

Ammonia may be recognised with certainty in the 
presence of all other bases by its being set free in a 
gaseous state, by the action of any of the caustic 
alkalies or alkaline earths (the hydrate of lime, 
CaO,HO, is the best for this purpose) ; and by its 
odour, and the white fumes produced when a glass rod 
moistened with hydrochloric acid, HCl (not fuming 
acid), is brought near the examined compound. 
There is no blowpipe test for ammonia. 



BARIUM. 
Symbol, Ba ; Equivalent, 68 

Barium was obtained by Sir H. Davy ; it is a white, 
silver-looking metal, malleable, melts below a red heat, 
and slowly oxidises in air. It may be prepared by 
heating baryta, Ba,0, in a porcelain tube, through 
which the vapour of potassium is passed. The barium 
is then extracted by mercury, and the amalgam dis- 
tilled in a small Bohemian glass retort. 

There are two oxides of barium,-^the protoxide, 
BaO, and the binoxide, Ba02i 
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Baryta, or bary tes, BaO. — The carbonate and sul- 
phate of baryta occur in considerable quantities in some 
lead mines : from these salts baryta is obtained. If pure 
baryta is required, the crystallised nitrate of baryta is 
decomposed by heat in a porcelain crucible until red 
vapours of nitrous oxide cease to be disengaged. Ba- 
ryta remains in the crucible as a grey spongy mass. 
If this residue be mixed with water, it forms a hydrate 
of baryta, BaO,HO. The hydrate of baryta has a 
great affinity for carbonic acid; and is soluble in 
water. A hot saturated solution deposits, on cooling, 
crystals having the following composition : BaO,HO 
+ 9H0. 

The hydrate of baryta is highly alkaline ; and a 
valuable reagent. The smallest trace of carbonic 
acid instantly renders the solution turbid. 

The binoxide, BaOj, is prepared by raising to a 
red heat baryta, BaO, in a porcelain tube, through 
which a current of oxygen is passed. 

Chloride of barium, BaCl + HO. — If the car- 
bonate of baryta be dissolved in hydrochloric acid, 
and the solution filtered and slowly evaporated, crys- 
tals of the chloride of barium are deposited in the 
water of crystallisation. 

Sulphate of baryta, BaO,S03, called heavy spar, is 
often found beautifully crystallised in l^ad mines. It 
may be produced when any soluble sulphate is added 
to a solution of any baryta salt. It is insoluble in 
water, or in acids. Boiling nitric acid dissolves a 
little, but the salt separates on cooling. Sulphate of 
baryta, BaOjSOj, is used for painting, and adulte- 
rating white lead. 

The Nitrate of baryta, BaO,N06, is prepared in the 
same way as the chloride, substituting nitric acid for 
hydrochloric, but the crystals are anhydrous. This 
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salt is more soluble in pure water than in dilute nitric 
acid. A precipitate of the nitrate of baryta may be 
distinguished from the sulphate by its disappearance 
on the application of heat, or the addition of a large 
quantity of water. 

Carbonate of baryta^ Witherite, BaOjCOj. This, 
like the sulphate, is found in some lead mines. It 
may be prepared by dissolving the barium chloride, 
BaCl, in water, and precipitating with the carbonate 
of soda or any other alkaline carbonate. 

The hydrate of baryta is used in the laboratory to 
separate carbonic acid from gaseous mixtures; the 
nitrate and chloride to precipitate sulphuric acid. 

Tests, 

Sulphuric acid and the soluble sulphates precipi- 
tate immediately the sulphate of baryta, BaO,SOs; 
insoluble in acids and alkalies. 

Chromate of potash precipitates in neutral and 
alkaline solutions a pale yellow precipitate of the 
chromate of baryta ; insoluble in acetic acid and 
alkalies. 

Oxalic acid precipitates in concentrated solutions 
the white oxalate of baryta ; soluble in acids. A few 
drops of ammonia promotes the formation of the 
precipitate. 



STRONTIUM. 
Sywhdj Sr ; Eqmvalentf 43*8. 

This metal may be prepared by means like those 
described for barium, and is analogous to that metal 
in its physical and chemical properties. All the 
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soluble salts of baryta are poisonous; this is not 
the case with strontia salts. It is found as a car- 
bonate and sulphate in lead mines. 

Protoxide of strontium, strontia, SrO. — This- 
oxide may be prepared by decomposing the nitrate 
with heat, exactly similar to that described under 
baryta. The hydrate has a great affinity for carbonic 
acid. 

The binoxide of strontia, Sr02, may be prepared 
like the binoxide of baryta. 

All the salts of strontia may be prepared by methods 
similar to those described under the salts of baryta. 

The chloride of strontium, SrCl, is soluble in two 
parts of cold water. It is also soluble in alcohol, and 
when kindled, burns with a beautiful crimson flame. 

The nitrate of strontia, SrO,NO^ is used for the 
manufacture of red fire : — 

Red Fire. Green Fire, 
Nitrate of strontia (dry) 800 grains . 450 

Sulphur 225 „ . .150 

Chlorate of potass 200 „ . .100 

Lamp black 50 „ . . 25 

The strontia, sulphur, and lamp black must be well 
powdered and well mingled together, after which the 
chlorate of potass may be added in rather a coarse 
powder, and mixed with the other ingredients, with- 
out much friction. The red fire has sometimes ignited 
spontaneously. 

Tests. 

The soluble sulphates and sulphuric acid preci- 
pitate completely from its solutions the sulphate of 
strontia ; the precipitate does not appear for some 
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time, unless the solution is coneentrated. The pre- 
cipitate is insoluble in acids and alkalies. 

Chromate of potash produces no precipitate, the 
chromate of strontia being soluble. 

Oxalic acid precipitates the white oxalate of stron- 
tia in very dilute solutions ; a little ammonia pro- 
motes the formation of the precipitate. 

Salts of strontia, heated on a platinum wire in the 
inner flame of the blowpipe, give a crimson colour. 



CALCIUM. 
Symbolf Ca ; Equivalent, 20. 

This metal is obtained with difficulty. It has been 
seen by a very few persons. It is described as a 
silver- white metal, and has a great affinity for oxygen, 
passing into lime, CaO. The term calcareous is de- 
rived from the Latin word calx. 

Calcium may be obtained by electrolysing in con- 
tact with mercury the hydrate of lime ; the amalgam 
is then decomposed by distillation. It may also be 
obtained by strongly heating lime in an iron tube 
through which the vapour of potassium is passed. 
The reduced calcium is extracted by mercury, and 
the mixture distilled in a small green glass retort. 

The Protoxide of Calcium, or Quicklime, is obtained 
by heating the carbonate of lime, CaO,CO j. The black 
limestone of Kilkenny and Derbyshire is the best for 
this purpose. K lime be required absolutely pure, the 
nitrate of lime is precipitated with the carbonate of 
ammonia, and ignited to whiteness in a platinum 
crucible. Lime for ordinary purposes is obtained 
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by calcining chalk in a kiln ; a red heat continued 
for some hours is sufficient to liberate the whole of 
the carbonic acid. In the best lime kilns the pro- 
cess is carried on continuously by broken limestone 
and fuel being thrown in from the top and the Hme 
raked out at intervals at the bottom. When the 
limestone contains silica, and the temperature is very' 
great, the lime refuses to slake ; the silicate of lime 
is formed, and the lime is said to have been over- 
burned. Pure lime is quite infusible ; at a high tem- 
perature it emits a pale light. When sprinkled with 
water it slakes and crumbles into a soft white 
powder, which is the hydrate of lime, CaO,HO. The 
equivalent of water may be expelled by raising it to 
a red heat, the hydrate returning to its original 
protoxide of calcium. This hydrate of lime is soluble 
in water ; and the colder the water, which is an ex- 
ception to the general rule, the more lime is taken up. 
A pint of water at 60® will dissolve about eleven 
grains; at 212°, about six. 

Lime water may be prepared by agitating with 
water in a stoppered bottle the hydrate of lime ; when 
the excess of lime falls to the bottom, the water may 
be poured off and a fresh quantity added. When 
lime is mixed with water the temperature is raised suffi- 
ciently to explode gunpowder and char wood ; carts 
laden with lime have sometimes been set on fire by a 
shower of rain. If lime water be exposed to the 
atmosphere in an open vessel, it becomes covered 
with a thin film of the carbonate, which is due to the 
absorption of carbonic acid from the atmosphere. The 
hardening of mortar is partly owing to the gradual 
absorption of carbonic acid. Some cements,- which are 
used for cementing the piers of bridges and other struc- 
tures under water, contain alumina, silica, and oxide of 
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iron. The cement has to be prepared with great care. 
When these cements are ground to powder and mixed 
with water, solidification ensues, and in this state it 
effectually resists the action of water. It is thought 
that a chemical combination takes place between the 
silica, oxide of iron, and alumina. In ordinary mortar 
no such combination takes place between the silica 
(sand) and the lime. 

The beneficial use of lime for agricultural purposes 
is a matter of dispute ; it is, however, useful in causing 
the rapid decomposition of organic matter in peaty 
soils. These soils are barren from the excess of 
vegetable matter. In clayey soils it acts beneficially 
by liberating the potass, which exists as an insoluble 
silicate in combination with alumina. 

The Binoxide of Calcium, Ca02, may be prepared 
by exposing lime to a red heat in a porcelain tube 
and a current of oxygen passed through the tube. 

Salts of Lime, CaO,C02. — This is one of the most 
widely distributed compounds in the mineral world, 
forming whole mountains of immense thickness in al- 
most every part of the world. It is the chief consti- 
tuent of chalk, shells, and coral reefs. In nature the 
carbonate of lime is seldom pure ; it generally contains 
clay, iron, and organic matter. But the most ancient 
of the crystalline limestones are destitute of organic 
remains, while the chalk is almost entirely made up 
of the exuviae of once living beings. Limestone 
caverns are often lined with magnificent crystals of 
calcareous spar, which have been slowly deposited 
from a watery solution. These stalactite incrustations 
are often of great beauty. In pure water the car- 
bonate of lime is scarcely soluble, but when the 
water contains free carbonic acid it is taken up. If 
lime water be added to a vessel containing carbonic 

N 
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acid, a milky-white precipitate is formed; but on 
agitation, if the carbonic acid be in excess, tlie 
turbidity disappears, and a clear, transparent solu- 
tion of carbonate of lime is obtained. If the clear 
solution is boiled, the carbonic acid is expelled, and 
the carbonate of lime again precipitated. All natural 
waters contain carbonic acid. Lime in the condition 
of a carbonate is almost always present in river and 
spring water. In limestone districts it is often pre- 
sent to a very great extent. The hardness of water 
is usually owing to the presence of carbonate of lime. 
This hardness may be considerably removed by boil- 
ing ; it is, however, most completely removed by the 
addition of lime water, when the carbonate of lime is 
precipitated. It is upon this principle that Professor 
Clark's process for softening water is based. The 
hardness of water containing carbonate of lime is 
called temporary, because it may be removed in 
a great degree by the methods mentioned. The 
use of such water for domestic purposes is attended 
with a great loss of soap ; soap cannot act as a 
detergent until the whole of the lime is precipitated. 
Tea kettles and boilers in which such water is heated 
become lined with a thick incrustation. Dr. Ritter- 
band has proposed a method of removing this deposit, 
which consists of throwing into the boiler a small 
quantity of sal ammoniac, when carbonate of ammonia 
is formed, which is volatilised by the high tempera- 
ture, chloride of calcium remaining in solution. 
This method is not applicable to permanently hard 
waters. All the other salts of lime may be obtained 
from the carbonate by dissolving it in the various 
acids. 

Sulphate of Lime, Gypsum, Alabaster, C&O^SO^. — 
This salt is occasionally found, associated with rock 
salt, in an anhydrous and crystalline state. When regu- 
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larly crystallised it is called selenite. If the chloride of 
calcium in solution be mixed with sulphuric acid, the 
sulphate of lime is precipitated ; it is soluble in about 
500 parts of cold water. The sulphate of lime is more 
soluble in water containing the nitrate of potash. 
Gypsum, or the hydrated sulphate, is largely employed 
in the arts for moulds,. statues, and casts. The native 
hydrated sulphate, CaO,S03 -f 2H0, if exposed to a 
temperature of 250° F. in an oven, is deprived of its 
water of crystallisation, and afterwards reduced to 
powder. When mixed with water it solidifies into a 
hard hydrate; but this solidification does not take place 
if the gypsum has been overheated. It is called by 
workmen plaster of Paris. Scagliola work, or arti^ 
ficial-coloured marble, is often prepared by inserting 
pieces of natural marble in the sulphate when the 
plaster is soft, and polishing the surface when the 
plaster has hardened. It is not possible to burn 
plaster when it has been once used, so as to make it 
set again. Sulphate of lime is. a common impurity of 
spring water. When water contains this salt in 
solution it is said to be permanently hard, since this 
hardness cannot be removed. 

Phosphates of Lime, — There are several com- 
pounds of lime with phosphoric acid, two of these are 
tribasic — 

2CaO,HO,P06. 
aCaOjPOfi. 

These two salts are produced when the correspond- 
ing soda salts are added to a solution of the chloride 
of calcium. Bone earth consists of a combination 
of these salts. Bibasic and monobasic phosphates 
of lime' exist. These are insoluble in water, but 
soluble in dilute acids. 

N 2 
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Chloride of Lime, CaO,Cl. — ^This salt is extefosively 
manufactured as bleachiug powder. K moistened 
hydrate of lime be exposed to chlorine gas this com- 
pound is produced. The chlorine is at first supplied 
slowly, so as to prevent any great increase of tempera- 
ture. It is soluble in 10 parts of water. The solution 
is highly alkaline and its bleaching properties are weak. 
When the hydrate of lime is suspended in cold water, 
and chlorine passed through the solution, the lime is 
gradually dissolved and the same bleaching compound 
is also produced. The hydrates and carbonates of the 
alkalies may, by similar methods, be made to absorb 
chlorine and form corresponding compounds, which 
are sold as disinfecting fluids. 

The exact constitution of the bleaching compounds 
of lime is involved in some obscurity. It is thought 
that these salts contain hypochlorous acid, a body as 
remarkable for its bleaching properties as chlorine. 

If good bleaching powder be distilled with dilute 
sulphuric or nitric acid, but not in sufficient quantity 
to decompose the salt, hypochlorous acid is obtained, 
hypochlorate of lime being formed simultaneously 
with the chloride of calcium. The following equa- 
tion will illustrate the decomposition — 

2CaO -f 2C1 = CaCl + CaO,C10. 

If these salts be exposed to heat, their bleaching 
properties are entirely destroyed. If exposed in an 
open vessel they absorb carbonic acid and evolve 
chlorine. 

Bleaching powder thus varies in value with its 
age, the care bestowed in its preparation, and its 
subsequent exclusion from the atmosphere. 

The general outline of the method foll6wed in 
bleaching is as follows : — The goods are soaked in a 
dilute solution of chloride of lime ; they are then 
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removed to a vat containing dilute sulphuric acid. 
The bleaching powder now undergoes decomposi- 
tion by the acid. 

CaO .CLO.CIQ 
Cav^ CI HCl 

The free chlorine disengaged in contact with the 
article to be bleached causes a complete destruction 
of the colouring matter. As the solutions of lime 
and sulphuric acid are very dilute, this process has 
to be repeated several times. If a pattern be stamped 
upon a coloured cloth with tartaric acid thickened 
with gum- water, and the cloth afterwards immerA^d in 
the lime-bath, no alteration of colour will take place 
except in those parts stamped with the acid. The acid 
acts, in this case^ precisely the same as in the dilute 
sulphuric acid bath. The chlorine is disengaged, and 
the colour completely removed, in those parts stamped 
with the acid. We then obtain white patterns upon 
a coloured ground. ^ If chloride of lime be mixed with 
water and placed in a saucer or basin, and a little 
acid added to the mixture, free chlorine is liberated ; 
or cloths may be dipped in the solution and hung 
in rooms. One of these methods is usually adopted 
when chlorine is used as a disinfectant. 

Chloride of Calcium, CaCl. — This salt is pre- 
pared by dissolving marble in hydrochloric acid. It 
is also a product in many chemical operations, and is 
used for drying gases. When mixed with snow or pow- 
dered ice it produces artificial cold. It is also used 
to determine the amount of hydrogen in organic 
bodies. 

. The Sulphide of Calcium, CaS, is obtained by re- 

N 3 
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ducing the sulphate of lime at a very high tempera- 
ture with charcoal. This salt is slightly Soluble in 
water. It is produced in the manufacture of car- 
bonate of soda. 

The Fluoride of Calcium, or Fluor spar, CaF, is 
the source from which hydrofluoric acid is prepared, 
and the other fluorides. It is found in beautiful cubic 
crystals, of various colours, in lead mines. It is de- 
composed by sulphuric acid. 

The Phosphide of Calcium, CaP, is a brown-look- 
ing substance ; it yields inflammable phosphuretted 
hydrogen when thrown on water. It is prepared by 
passing the vapour of phosphorus over fragments of 
lime heated to redness in a porcelain tube. 

Tests. 

Sulphuric acid and the alkaline sulphates give no 
precipitate, except in concentrated solutions of lime, 
and then only a partial precipitate, which completely 
dissolves in excess of water. 

Chromate of potash gives no precipitate. 

Oxalic acid throws down in dilute neutral solutions 
of lime the white oxalate of lime ; a little ammonia 
renders the reaction more delicate. 



MAGNIiSIUM. 
Symbolf Mg; Equivalent, 12. 

Magnesium is a white malleable metal, i*esembling 
zinc. It has no use in the arts, and is prepared by 
heating the chloride of magnesium with sodium in a 
test tube of German glass. Combination takes place 
with great energy and elevation of temperature, 
the chloride of sodium being formed, and metallic 
magnesium set free. When the tube is cold it is 
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broken up and the contents put into cold water, bj 
which the metal is separated from the salt. 

Mctgnesia^ MgO, is the only oxide of this metal. It 
may be obtained pure by raising to a red heat, in a por- 
celain crucible, the .magnesia of the shops. It is a 
soft white powder, attracts moisture and carbonic 
acid from the atmosphere ; unites slowly with water, 
forming a hydrate MgO, HO; it is slightly soluble in 
water. Its alkaline reaction is best observed by 
moistening a little, and placing it upon litmus paper. 
The most powerful acids are completely neutralised 
by magnesia. 

Salts of Magnesia* — Carbonate of Magnesia^ 
MgO,C02, occurs native, very much resembling 
calcareous spar. "^ 

If magnesia, MgO, be dissolved in water saturated 
with carbonic acid, and the solution left to evaporate, 
small prismatic crystals of the carbonate of mag- 
nesia are deposited with three equivalents of water. 
The carbonate sold in the shops is usually prepared 
by the addition of a hot solution of the carbonate of 
potass or soda. to any soluble salt of magnesia. The 
precipitate, although usually called and sold as the 
carbonate, is not so. The salt is not constant in its 
composition. It usually has the following formula:-^ 

4MgO,C02 + MgO,HO + 6H0. 

Sulphate of Magnesia^ Epsom salts, MgO, SO, 4- 
7H0. — This salt is now largely manufactured by the 
action of sulphuric acid on magnesian limestone. It 
occurs in sea water and many mineral springs, is 
very soluble in water, has a disagreeable bitter taste, 
and purgative action. When heated, six equivalents 
of water pass off, the other equivalent being retained. 
Sulphate of magnesia forms double salts with the 
sulphate of potash and ammonia. 
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Phosphaie of Magnesia, 2MgO,HO,P05 -♦- 14H0. 

— If a solution of the phosphate of magnesia and the 
pliosphate of soda are mixed together, and allowed to 
remain some time, small prismatic crystals of the 
phosphate of magnesia separate. This salt exists in 
the grain of wheat, barley,' and oats, and is found in 
considerable quantities in beer. 

Phosphaie of Magnesia and Ammonia. "^Micro* 
cosmic Salt, 2MgO,NH40,P05 + 12H0. — When 
any soluble phosphate is added to the sulphate of 
magnesia, a white precipitate slowly separates. If 
ammonia be added with the phosphate, and the 
solution concentrated, a crystalline precipitate ap- 
pears at once ; if the solution be dilute, the pre- 
cipitate only appears after some time. This pre- 
cipitate is the phosphate of magnesia and ammonia, 
2MgO,NH40,P05 + 14H0. This salt is slightly 
soluble in pure water. When heated, it is resolved 
into the bibasic phosphate. At a red heat, it fuses 
into a white enamel-looking mass, and is present in 
some forms of urinary calculus. 

Silicates of Magnesia, MgOjSiOs. Steatite, or 
Soapstone, chiefly found in Cornwall. Meerschaum, 
Mg0,SiO3 + HO, used for making pipe bowls* 
Chrysolite, 3MgO, SiO^ augite, hornblende, and jade, 
are composed of variable quantities of magnesia, 
silicic acid, alumina, and iron. 

Chloride of Magnesia, Mg,Cl — This salt is ob- 
tained with some difficulty^ owing to the obstinacy with 
which the last portions of water are retained. When 
magnesia is dissolved in hydrochloric acid, water and 
the chloride of magnesia are formed, 

MgO + HCl =MgCl + HO. 
This salt is very soluble, and the last portions of water 
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are not evaporated from the solution without decom- 
position, the magnesia uniting with the oxygen and 
the hydrogen with the chlorine. 

Tests, 

The salts of magnesia are colourless. 

The caustic alkalies and ammonia give a white 
gelatinous precipitate with magnesian salts, insoluble 
in excess, but soluble in chloride of ammonium. 

Carbonates of soda and potash give a white preci- 
pitate. Carbonate of ammonia gives no precipitate 
in the cold. 

Soluble phosphates give a white crystalline preci- 
pitate on the addition of a little ammonia. 

MANGANESE. 

Symbol, Mn ; Equivalent, 27*6. 

The metal manganese, or more properly the carbide, 
is prepared by heating the oxide with charcoal and 
borax. The process is rather difficult. 

Manganese is only known as a chemical curiosity ; 
it is put to no use in the arts. The metal is described 
as resembling cast iron, hard, brittle, and destitute 
of magnetic properties. 

There are seven oxides of manganese, but two of 
these oxides are probably secondary compounds — 

MnO, the protoxide, 

Mn208, sesquioxide, 

MnO 2, binoxide, 

Mn304, red oxide = MnOjMngOj, 

Mn407, varvicite = Mn203.2Mn02, 

MnOs, manganic acid, 

Mn207, permanganic acid. 



142 ELEMENTABY CUEMISTRT. 

The protoxide maj be obtained in its anhydrous 
state by heating the carbonate of manganese in an 
atmosphere of hydrogen or steam ; the carbonic acid 
is disengaged, and a green-coloured powder left 
behind, which is the anhydrous protoxide of man- 
ganese. It is best known in the form of the hydrate 
of the protoxide, and may be easily prepared by pre- 
cipitating a salt of manganese with an alkali. The 
precipitate first appears white, then buff, then brown, 
by rapidly passing into higher states of oxidation. 
The protoxide is a powerful base, neutralising most 
completely the strongest acids. 

MngOs. — This compound in union with water is 
found crystallised in some parts of Germany. If the 
hydrated protoxide be exposed to the air it passes 
into the sesquioxide. When oxygen is prepared by 
heating the binoxide in an iron retort, the residue is 
chiefly the sesquioxide, and is either of a black or 
brown colour, according to the circumstances under 
which it is produced. It is feebly basic. When 
heated with dilute sulphuric acid it dissolves ; and on 
the addition of sulphate of potash deposits eight-sided 
crystals, having a similar constitution to common 
alum : -* 

Mn203,3SO, + KOjSOs + 24HO. 

Binoxide. — This is the most common native com- 
pound of manganese. It is found amorphous and 
crystallised. It may be prepared artificially by adding 
a solution of bleaching powder to a salt of the prot- 
oxide of manganese. It is not obtained anhydrous 
by this method. 

The binoxide is not soluble in water. It is of a 
black colour, and does not unite with acids to form 
salts. It is decomposed by hot hydrochloric and sul- 
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phuric acid, as in the preparation of chlorine and 
oxygen. This substance is largely used in the manu- 
facture of bleaching powder. 

Red oxide, Mn3Q4, is found native. It is a reddish- 
looking substance, does not form salts. Borax and 
glass in a melted state dissolve this substance, and 
the glass acquires a beautiful amethyst colour. 

Varvicite, Mn^Oy = MnO -h 2Mn03. — This com- 
pound resembles the binoxide, but is harder and 
more brilliant. It was first obtained from some man* 
ganese ores of Warwickshire. 

The Chloride of Manganese, MnCl, may be pre- 
pared from the residue left in the retort after the 
preparation of chlorine from the binoxide of Mn and 
HCl. A solution of the chloride of manganese^ has 
usually a pink colour, which deposits crystals of the 
same colour on evaporation. It dissolves readily in 
alcohol, with which it forms a crystallisable com- 
pound. 

Sulphate of the Protoxide of Manganese, MnO,S08 
•f 7H0, is largely used in dyeing. It has a beau- 
tiful rose colour, and is prepared by raising to a red 
heat in a closed vessel the binoxide of manganese 
and coal, and dissolving out the impure oxide thus 
obtained with sulphuric acid. Towards the end of 
the process a little hydrochloric acid is added ; the 
solution is evaporated to dryness, and again exposed 
to a red heat. Water is then added, which dissolves 
out the pure sulphate of manganese. The salt is 
used to. produce a permanent brown dye. It forms, 
like alumina, a double salt with potash. 

MnO,C02, ^s prepared by precipitating the proto- 
chloride of manganese with any alkaline carbonate. 
It. is not soluble^ When exposed to heat, it parts 
with its carbonic acid, and absorbs oxygen. 
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MnOs. — If the binoxide of manganese be fused 
with an alkali, an additional quantity of oxygen is 
absorbed from the air, and a deep green mass is ob- 
tained, which is a salt of manganic acid. The pre- 
sence of nitrate of potash facilitates the production of 
this acid. MnOg, by combining with another equi- 
valent of O, becomes MnOj, which unites with the 
alkali, forming KOyMnO,. It is of a green colour, 
soluble in water, and if evaporated in vacuo yields 
green crystals. 

Permanganic Acid, Mns07. — ^If the manganate of 
potash, free from excess of the alkali, is put into a 
large quantity of water, it is decomposed into the 
hydrated binoxide of manganese, which falls to the 
bottom and forms a deep purple liquid, which con- 
tains the permanganate of potash. The changes of 
colour which accompany this decomposition have pro- 
cured for the substance the name of mineral chame- 
leon. When the potash is in excess the manganate is 
more stable, and the reaction is very slow. 

The manganates and permanganates are decom- 
posed by contact with organic matter. 

Nearly all the salts of this metal are soluble in 
water, giving rose-coloured solutions. All the salts 
are soluble in hydrochloric acid. 

Tests. 

Hydrosulphuric acid, HS, produces no precipitate 
with a solution of the salts of manganese. NH4S 
precipitates the metal completely as a flesh-coloured 
sulphide, soluble in strong acetic acid, and passing, 
by the absorption of oxygen, into a brownish black 
colour. 

The fixed caustic alkalies precipitate the metal as a 
white hydrate, which becomes brown. 
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The alkaline carbonates precipitate the white car- 
bonate of the oxide of manganese. 

The carbonates of the alkaline earths do not decom- 
pose manganese salts, except by an increase of tem- 
perature. 

If any compound of manganese be fused with 
carbonate of soda on a platinum foil, the green man- 
ganate of soda is produced. This is a very delicate 
test. 

An amethyst bead is produced in the oxidising flame 
of the blowpipe when any compound of manganese is 
fused with borax, which disappears in the reducing 
flame. 

ALUMINUM. 

Symbol, Al; Equivalent, 13*69. 

There is but one oxide of this metal, namely, 
alumina, AI2O3. 

In combination with silica and potash, as the 
silicate of alumina and potash, AljOaydSiOa + KO, 
SiOs, it is very abundant in nature, forming felspar, 
one of the constituents of granite, from which our 
various modifications of clay are derived. Clay con- 
sists chiefly of a silicate of alumina, AlsO^SSiO,. Pure 
clay, such as that employed for porcelain manufac- 
ture, is quite white : it is derived from the colourless 
felspar occurring in the granite rocks of Cornwall 
and Devonshire. Clay is sometimes red, owing to the 
presence of oxide of iron ; sometimes blue or black, 
from the excess of vegetable matter. 

The pure metal aluminum may be obtained by 
introducing into a platinum tube closed at one end 
the sesquichloride of alumina, AI2CI3, with an equal 
quantity of potassium loosely wrapped up in platinum 

o 
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foil. The closed end of the tabe is then heated, so as 
to sublime the chloride^ bringing its vapours into 
contact with the melted potassium. The sesquichlo- 
ride of alumina is then reduced. The metal is sepa- 
rated from the chloride hj cold water. It has 
metallic lustre, it is malleable and of a tin-white 
colour. When heated in air or oxygen, it takes fire 
and returns to its original oxide, Alumina, AljO,. 
If a solution of common alum be mixed with an 
excess of ammonia, a white gelatinous precipitate of 
the hydrate of alumina is thrown down. This pre- 
cipitate is washed, dried, and ignited to whiteness. 
The alumina so obtained is a white, tasteless mass, 
scarcely affected by acids. It is fusible before the 
oxyhydrogen blowpipe. The ruby and sapphire are 
transparent varieties of crystallised alumida, and 
emery powder is a coarse variety of this oxide. 
Alumina is a very weak base, and its salts have fre- 
quently an acid reaction. 

The Sesquichloride of Alumina^ AlgCls, may be 
prepared from pure alumina (obtained by the method 
just described) mixed with charcoal and strongly 
calcined in a covered crucible. The contents of the 
crucible are then transferred to a porcelain tube 
heated to redness in a furnace; a current of chlorine 
passes through the tube when the sesquichloride of 
alumina condenses in the cold part of the apparatus. 
It is a crystalline substance and very soluble in 
water. 

Sulphate of Alumina, Al^OydSO, + 18H0, is 
obtained by boiling sulphuric acid with clay, or by 
saturating dilute sulphuric acid with the hydrate of 
alumina, (Al203,3HO), and evaporating, when thin 
crystallised scales of the sulphate of alumina are ob- 
tained ; it has an acid reaction^ and when heated to 
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redness is decomposed. The sulphate of alumina com- 
bined with soda, potash, and ammonia, forms double 
salts. All the preparations of alumina are obtained 
from common alum, which is a double salt of potash 
and alumina, Alfi^^SSO^ -h KCSOg + 24HO. Alum 
is chiefly manufactured from a slaty kind of clay which 
contains the bisulphide of iron. This alum schist, 
as it is called, is first gently roasted, then moistened 
with water and exposed to the atmosphere. Tiie 
sulphur of the iron is converted into sulphuric acid 
by the absorption of o;tygen from the air. The sul- 
phate of the protoxide of iron and the sulphate of 
alumina are produced. These salts are separated by 
lixiviation with water. The solution is concentrated 
by evaporation and mixed with the chloride of potas- 
sium which decomposes the iron salt forming the 
protochloride of iron and sulphate of potash. This 
sulphate of potash then combines with the sulphate 
of alumina to form alum. The chloride of iron 
which is very soluble in water, is separated from the 
alum by crystallisation. 

By a repetition of this process the alum is purified. 
It is largely used in preparing skins, dyeing, and 
pigments. Alumina has a great attraction for the 
fibre of cloth and organic colouring matter. If a 
solution of common alum be filtered through a piece 
of calico, part of the alumina will be abstracted 
and retained by the cloth. If this cloth be then 
rinsed in an infusion of madder or indigo, a colour 
is produced, which is insoluble in water, and un- 
affected by soap. Substances which act in this man- 
ner are called mordants. The attraction of alumina 
for organic colouring matter may be also shown by 
adding to an infusion of litmus a solution of alum, 
and then a solution of soda^ so as to precipitate the 

o2 
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alum. As the precipitate falls, the colouring matter 
will be carried with it. Such precipitates are called 
lakes. Ammonia and soda may be made to replace 
the potash in sulphate of alumina and potash. 

The Silicate of Alumina — Al203,3Si03, — is the 
next most important salt, since it enters into the com- 
position of many crystallised substances. In the 
primary unstratified rocks, the silicate of alumina is 
very abundant. All clays are silicates of alumina, 
but their composition is very variable. By boiling 
with sulphuric acid the alumina is dissolved out, and 
the silica left behind. Clay containing the carbonate 
of lime is called marl. These may be easily recog- 
nised by their effervescing with hydrochloric acid. 



Tests. 

Alumina, in solution, can be distinguished without 
difficulty. 

Caustic potash, or soda, added drop by drop, will 
occasion a white gelatinous precipitate, which is the 
hydrate of alumina, which is soluble in an excess of 
the reagent: — 

AlaOsjSSOa + 3NaO,HO = 
AlaOgjSHO + 3NaO,S08. 

Ammonia produces a similar precipitate. 

The alkaline carbonates and the carbonate of 
ammonia precipitate the hydrate of alumina, with 
the escape of carbonic acid. The precipitates are 
insoluble in excess. 
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IRON. 
Symbolj Fe ; Equivalent^ 28. 

This is one of the most important of the metals. 
The progress of commerce and civilisation is inti- 
mately connected with the uses and properties of 
iron. The pure metal is exceedingly rare, but its 
compounds are widely distributed throughout nature. 
It forms a great part of the colouring matter of 
many rocks, it is contained in plants, and forms an 
essential component of the blood. Pure iron is of a 
white colour, and crystallises in the form of a cube. 
The fibrous texture of the iron (upon which its strength 
mainly depends) is not natural to the metal ; it is 
produced by hammering and rolling, and may always 
be observed when the metal has been attacked by 
rust or the application of an acid. Iron is the most 
tenacious of all metals ; a wire ^ of an inch in 
diameter will sustain a weight of 60 lbs. 

The chief source of this metal is the carbonate of 
the protoxide. The most important and abundant 
source is the clay ironstone, Which consists of the 
carbonate of the protoxide, which is usually asso- 
ciated ^ith clay, the carbonates of lime and mag- 
nesia, silica, manganese, and coaly matter. This ore 
contains from 20 to 45 per cent, of iron. The iron 
ore is first roasted, to get rid of the water, carbonic 
acid, and carbonaceous matter. The roasted ore is 
then introduced into a blast-furnace. The ore is 
introduced with lime and coal at the top of the fur- 
nace, the two latter substances being employed as 
reducing agents. A very high temperature is kept 
up by forcing air in at the bottom of the furnace. 

o3 
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Formerly cold air was employed, but now the air i3 
heated by passing it through hot pipes ; the air by 
this means is raised to a temperature of 600° or 800% 
and this is called the hot blast. This effects a great 
saving of fuel, and coal may be used instead of 
coke. The limestone introduced into the furnace 
separates the silicate of alumina from the iron, so 
that the coal can act upon the metal. The clay 
combining with the lime forms a glassy compound of 
the silicate of alumina and lime, which is called slag. 
The oxide of iron parts with its oxygen to the coaL 
As the iron melts it falls to the bottom of the furnace, 
uniting in its descent with the white hot carbon of 
the coal, forming a carbide of iron, which accumulates 
in a stratum at the bottom. The silicate of lime and 
alumina, having less specific gravity than the melted 
iron, floats like cream upon the surface. The iron 
and slag are drawn off at different openings at the 
bottom of the furnace. The iron is run into groves 
made of sand, and this constitutes the pig-iron of 
commerce. This iron is associated with carbon, and 
generally with silicon, manganese, magnesium, cal- 
cium, sulphur, and phosphorus. Cast iron is crystal- 
line, brittle, and much more fusible than wrought iron. 
Malleable wrought iron is prepared from cast iron, 
by a process called puddling. The object of this 
process is to deprive the iron of its carbon. The cast 
iron is laid on the floor of a reverberating furnace. 
The stream of burning gases is bent over upon the 
iron lying on the bed of the furnace. The workman, 
by means of a large iron rod like a boat-oar, stirs up 
the noelted mass, so as to bring every part succes- 
sively to the surface. The object of this is to oxidise 
the carbon of the iron by contact at a high tem- 
perature with oxygen. The carbonic oxide thus 
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formed burns with its beautiful blue flame on the 
surface of the melted iron. Water is sometimes 
sprinkled on the melted mass, so as to supply oxygen 
to the carbon. The withdrawal of the carbon di- 
minishes the fusibility of the metal. It first becomes 
thick and treacly, then like coarse sand. The tem- 
perature of the furnace is now increased ; the iron 
again becomes about the consistence of treacle. The 
workman gathers the iron round his puddling-rod 
into large balls, which are exposed to hammering by 
steam hammers. All the liquid cast iron contained 
in these balls is squeezed out, and the particles of 
iron welded together in one mass. This mass is 
heated a second time and passed between large iron 
rollers. The fibrous structure of iron is mainly due to 
this process. Iron which is to sustain great tension 
is submitted, with slight modification, to this latter 
process several times. This iron is no longer crys- 
talline ; it is tough and fibrous in its texture, which 
may be seen by dissolving a piece of iron wire in 
dilute acid. By violent concussion this toughness 
and fibrous character disappears, and it again be- 
comes crystalline and brittle. This malleable iron, 
although much purer than the cast iron, is never free 
from carbon and other elements. 

The purest and best malleable iron is made into 
steel by placing alternately in an iron box bars of 
iron with charcoal powder, and exposing the whole 
to high red heat for forty or fifty hours. The iron 
has combined with a small portion of the carbon. It 
is now more fusible than malleable iron, but not so 
fusible as cast. It has also lost in a great degree its 
malleability. If fine steel is required, several bars 
are welded together under the steam hammer, which 
gives greater uniformity of composition. 
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Steel possesses great hardness and elasticity. If 
raised to a high temperature and plunged into water 
it becomes elastic, hard, and brittle ; if it be slowly 
cooled it softens, loses its hardness and elasticity, and 
becomes very much like malleable iron. By altering 
the temperature and the rapidity of cooling every 
degree of hardness can be obtained. This is called 
tempering. 

Iron does not rust or oxidise in dry air at the 
common temperature ; heated to redness it becomes 
covered with the black oxide, the same compound as 
is produced when iron wire is burnt in oxygen. 
Iron at a red heat decomposes water, like potassium 
at the common temperature, liberating the hydrogen. 
Dilute sulphuric and hydrochloric acid dissolve iron 
freely. K magnetic iron be raised to a red heat it 
loses its magnetic properties. 

There are four oxides of iron — 

FeO, protoxide, 
FegOji, sesquioxide, or peroxide, 
^6304, protosesquioxide, or black oxide, 
FcjOg, ferric acid. 

The Protoxide^ FeO, has strongly marked basic 
properties ; it neutralises acids most completely. It 
is scarcely known in its separate state, owing to its 
proneness to pass into the sesquioxide. If any salt 
of the protoxide be mixed with caustic alkali a bulky 
white precipitate of the hydrated protoxide is thrown 
down ; this hydrate when exposed to air becomes 
first green, then reddish brown. The soluble salts of 
the protoxide of iron have usually a faint green 
colour. 

The Sesquioxide^ Fe203, occurs as a native compound, 
both amorphous and crystalline. The Island of Elba 
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has furnished some very fine specimens. The sesqui- 
oxide of iron in powder has a deep red colour, and is 
used for painting. It is prepared by calcining the 
sulphate of the protoxide. The colour varies accord- 
ing to the temperature to which the sulphate has 
been exposed. The sesquioxide is reduced at a high 
temperature in the presence of carbon or hydrogen, 
but in ordinary fires it undergoes no change. It is 
a feeble base, dissolves with difSiculty in acids, and 
its salts have an acid reaction. 

The Black Oxide^ FeO -h FcjOj, is a natural pro- 
duct, known as the magnetic iron ore ; it is one of 
the most important iron ores. This compound is the 
chief product of burning iron in oxygen. It does 
not form salts by union with any acid. 

Ferric Acidy FeOj. — This compound is rather un- 
important. 

Protochloride of Iron is prepared by passing well- 
dried HCl over red-hot malleable iron, or by dissolv- 
ing iron in HCl. The solution when duly concen- 
trated yields green crystals of the protochloride with 
four equivalents of water. 

Sesquichloride^ Fe2Cl3, is generally prepared by 
dissolving the sesquioxide in HCl. The solution, 
concentrated and evaporated, yields crystals of a red 
colour, which are very soluble in water and alcohol. 

Protoiodide of Iron, Fel, is an important medicine. 
It is easily prepared by digesting iodine with water 
and metallic iron. The solution, which is of a green 
colour, yields on evaporation crystals of the proto- 
iodide of iron. 

There are several compounds of iron with sulphur, 
but only two are important. The protosulphide, 
which js a black, brittle-looking substance, from 
which hydrosulphuric acid is prepared. The pro- 
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tosulphide of iron, FeS (salts of iron), is obtained 
by throwing into a red-hot crucible two and a half 
parts of sulphor and four parts of iron filings. The 
bisulphide^ ¥eS^ is a natural product ; it is formed 
in some cases bj the gradual deoxidation of the 
sulphate of iron bj organic matter. When heated, 
an intermediate sulphide is produced analogous to 
the black oxide. 

Sulphate of the Protoxide, FeO.SOa + 7H0.— 
This salt is prepared bj dissolving iron in dilute 
sulphuric acid. It is often prepared on a very large 
scale bj contact with air and moisture with iron 
pyrites, which, by absorption of oxygen, furnishes 
the sulphate of iron. The salt is dissolved out by 
water, and the solution crystallised. It forms large 
green crystals. 

Sulphate of the Sesquioxide, Fe203,3S08. — This 
salt yields compounds with the sulphate of potash 
and ammonia, analogous in their constitution to 
common alum. 

Carbonate of Protoxide of Iron. — If any of the 
protosalts of iron be mixed with the alkaline car- 
bonates, a white precipitate is obtained. This com- 
pound loses its carbonic acid when washed and dried, 
passing into a higher oxide. This compound occurs 
in nature as the clay ironstone, from which nearly 
all the British iron is manufactured. It is found in 
many mineral waters, being soluble in excess of car- 
bonic acid. Water containing iron is known by the 
rusty matter it deposits by exposure to the air. 

The salts of the protoxide of iron are colourless, 
but if concentrated have a pale greenish colour ; when 
anhydrous they are white. They absorb oxygen, 
passing into the sesquioxide, which from neutral 
solutions is deposited as a yellow salt. 
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Tests. 



HS forms only a slight precipitate of the black 
sulphide in neutral solutions ; in acid solutions no 
precipitate is produced except in the acetate. 

NH4S throws down iron as a black precipitate, 
insoluble in excess. When any non-volatile organic 
acid is present a small quantity of the sulphide 
remains suspended, imparting to the solution a light 
green colour; on heating, this is deposited, and the 
liquid becomes of a bright yellow colour. 

The caustic alkalies precipitate from salts of the pro- 
toxide of iron a white hydrate of the oxide, which on 
exposure to the air becomes a dirty green, then a 
reddish brown. 

Ammonia will completely precipitate the salts of 
the protoxide of iron when no ammoniacal salts are 
present. 

Alkaline carbonates precipitate the white carbonate 
of the oxide, soluble in the chloride of ammonium. 

Carbonates of the alkaline earths give no pre- 
cipitate. 

Ferrocyanide of potassa gives a precipitate in solu- 
tions quite free from the sesquioxide and common 
air, a white precipitate of the ferrocyanide of iron 
and potassium, K -f 3Fe + Cy. This precipitate 
assumes a bluish colour when the sesquioxide and air 
are present, and passes into Prussian blue. 

Ferricyanide of potassa produces with salts of iron 
a blue precipitate. 

These precipitates are insoluble in acids, but are 
easily decomposed by the alkalies. 

All the soluble persalts of iron form, with water 
or hydrochloric acid, brownish yellow solutions. 
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Metallic iron, sulphurous acid, and hydrosulphuric 
acid reduce salts of the sesquioxide to salts of the 
protoxide. The hydrosulphuric acid renders the 
solution milky by the precipitation of sulphur — 

Fe203,3S03 + Fe = 3(FeO,S08). 
Fe20a,3S03 + SO2 = 2(FeO,S08) -f 2SO3. 
FeaO^pSSO, + HS = 2(FeO,S03) -t- H0,S03 + S. 

Potash, soda, and ammonia throw down the hydrate 
of the sesquioxide, insoluble in excess ; the presence 
of fixed organic acids prevents the precipitation 
altogether. 

The carbonates of the alkaline earths throw down 
completely the salts of the sesquioxide. 

Phosphate of soda precipitates the white phosphate 
of iron, which dissolves in ammonia. 

The phosphate of the sesquioxide of iron is in- 
soluble in acetic acid. 

Ferrocyanide of potass, blue precipitate, ferro- 
cyanide of iron, insoluble in HCl. 

Ferricyanide, no precipitate, but a darker colour. 

The sulphocyanide of potash gives a deep red 
colour to the most dilute solutions of the sesquioxide 
of iron. 

The most dilute solutions of the peroxide give a 
bluish-black colour with an infusion of gall nuts. 



NICKEL. 
SynUfoit Ni ; EquivaJentf 29*6. 

This metal is found in meteoric stones, and may be 
prepared from the oxalate. The oxalate is obtained 
by precipitating the sulphate with oxalic acid. It is 
white, malleable, and strongly magnetic. It is pre- 
pared like cobalt. 
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The Protoxide of Nickel, NiO, has basic pro- 
perties. Vlt may be prepared by precipitating any 
soluble salt of the metsd with caustic potash, and 
washing, drying, and igniting the precipitate, which 
is of a green colour. This oxide completely neutral- 
ises acids. The hydrated salts have a green colour : 
the anhydrous salts are yellow. 

The Sesquioxide of Nickel, NiaOj, is a neutral 
compound. It is produced when any salt of nickel is 
mixed with a solution of bleaching powder. This 
oxide is decomposed by heat, and evolves chlorine 
when heated with hydrochloric acid. 

The Chloride of Nickel, NiCl, is prepared by dis- 
solving the carbonate of nickel with hydrochloric 
acid, NiCCOa + HCl = NiCl + HCCOa- From 
the green solution crystals of the chloride of nickel 
are obtained. When the crystals are anhydrous, they 
have a yellow colour. 

Sulphate of Nickel, NiO,SO, -f 7H0. — This is 
the most important of the nickel salts. The crystals 
are of a green colour, and usually contain seven 
equivalents of water. With potash and ammonia 
it forms double salts : NiO, SO, + KOjSOj + 7H0; 
NiO,S03 + NH40,S03 -f 6H0. 

Cdrbonate of Nickel, NiO,C02. — When a solution 
of the carbonate of soda is added to the chloride of 
nickel, a pale green precipitate of the carbonate and 
hydrate is obtained : NaO,C02 + NiCl = NiO,C02 
•f NaCl. The anhydrous salts of nickel are of a straw 
colour. When associated with water they are of a 
green colour. Nickel is chiefly employed in the 
manufacture of German silver. The best Grerman 
silver contains 8 parts of copper, 3 of nickel, and 
3^ of zinc ; inferior kinds contain 8 of copper, 2 of 
nickel, and 4 of zinc. 
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Tests. 



Hjdrosulphuric acid and sulphide of ammonium 
have a similar reaction on nickel solutions to those 
described under- cobalt. 

Ammonia in neutral solutions precipitates a portion 
of hydrate of the protoxide, which is dissolved in ex- 
cess, giving rise to a blue solution. If caustic potash 
be added to this solution, a green hydrate is thrown 
down. 

The alkaline carbonates give a straw-coloured pre- 
cipitate, easily soluble in carbonate of ammt)nia, the 
solution becoming of a bluish-green colour. Carbon- 
ates of the alkaline earths, same as cobalt. 

Cyanide of potassium, a greenish -white precipitate, 
soluble in excess. From this solution the cyanide 
may be thrown down by hydrochloric or sulphuric 
acid, but the cyanide of cobalt cannot be again preci- 
pitated vdth acids. 

In the outer flame of the blowpipe, compounds of 
nickel, when heated with borax and phosphorus salt, 
form a reddish-coloured globule; in the inner flame 
the metal is reduced, and the bead becomes of a grey 
colour. 

COBALT. 

Symhdf Co ; Equivalent, 29*55. 

Cobalt and Nickel are very similar in^ their general 
and chemical properties, and are often found in 
nature associated together. Cobalt is most con- 
veniently obtained by heating the oxalate to a white 
heat, in a crucible lined with plumbago. It is a white 
brittle metal, and melts at a temperature of about 
2000°. It does not oxidise in air at common tempera- 
tures. Dilute hydrochloric and? sulphuric acids have 
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but slight influence on the metal. It has strong mag- 
netic properties. 

The Protoxide, CoO, is a grey powder, very 
soluble, in acids, and has strong basic properties, 
giving a fine red tint to its salts. It may be pre- 
pared by precipitating the chloride of cobalt with 
carbonate of soda, CoCl 4- NaO,C02 = NaCl -+■ 
CoO,C02, and igniting the precipitate. When a 
solution of cobalt is mixed with caustic potash, a 
blue precipitate falls, which becomes violet on the 
application of heat ; and then a dirty red colour 
from the absorption of oxygen, and its subsequent 
change into a hydrate. 

The Sesquioxide of Cobalt, Co20a, is a neutral oxide 
of a black colour, and insoluble. If the chloride of 
lime be mixed with a solution of protochloride of 
cobalt, the sesquioxide is obtained. 

The Chloride of Cobalt, CoCl, is prepared by 
precipitating the protoxide with hydrochloric acid, 
CoO + HCl = CoCl + HO. It gives a deep red 
colour to the solution, which deposits, if concentrated, 
beautiful red crystals. When the solution is evapo- 
rated, it deposits blue anhydrous crystals, which again 
become red in contact with water. A dilute solution 
of this salt forms a sympathetic ink. Letters written 
with this ink are invisible, until the salt has been 
rendered anhydrous by exposure to heat, when the 
letters appear blue. When laid aside, moisture is 
absorbed, and the writing again becomes invisible. 

Sulphate of Cobalt, CoO,S03 + 7H0.— This salt 
is similar in constitution with the sulphate of mag- 
nesia. It combines with the sulphate of potash and 
soda, forming double salts. If a solution of the sul- 
phate of cobalt be mixed with oxalic acid, the oxalate 
of cobalt separates after some time. 

P2 



/■. 



160 ELEMENTABY CHEMISTRY. 

Carbonate of Cobalt — The alkaline earboDates 
precipitate a pale peach coloured carbonate and 
hydrate of cobalt, 3(CoO,HO) + 2(CoO,C02). 

The oxide of cobalt gives a beautiful blue colour 
to glass. Smalt, or azure blue, a substance much 
used by painters, paper-stainers, and for giving a 
blue colour to pottery, is prepared in Saxony and 
Bohemia by a complicated process from the native 
arsenio-sulphide of cobalt. 

Tests. 

All the cobalt salts, when anhydrous, are blue; 
when in dilute solutions of water, they are of a 
crimson colour. Hydrosulphuric acid, in the presence 
of an alkaline acetate and the sulphide of ammonium, 
precipitates the black sulphide of cobalt, insoluble in 
excess of the precipitant, the sulphide of ammonium. 
In neutral solutions, free from the salts of ammonia, am- 
monia gives a blue precipitate, which after some time, 
changes to red, then green, then brown. K the solu- 
tion contain any salts of ammonia, the solution be- 
comes red, absorbs oxygen from the air, and the 
brown hydrate of cobalt is precipitated. Cobalt 
solutions, free from common air, give a blue precipi- 
tate with the fixed caustic alkalies, which on boiling 
becomes of a rose colour. 

The alkaline carbonates precipitate a pink car- 
bonate of cobalt. 

The carbonates of the alkaline earths give no pre- 
cipitate unless heated. Cyanide of potassium gives, 
with acid, solutions of cobalt, a brown white pre- 
cipitate of the cyanide of cobalt, soluble in excess. 
Borax and phosphorus salts, when heated with any 
cobalt salt, give a blue glass globule in both blow- 
pipe flames. 
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CHROMIUM. 
Symhd, Cr ; Equivalent, 28. 

This metal is found as an oxide in combination 
with the oxide of iron. It is rather abundant in the 
Shetland Isles. Chromium was first obtained in a 
state of purity from the chromate of lead. The metal 
is obtained by mixing the oxide of chromium with \ 
its weight of charcoal powder, and placing the mix- 
ture in a crucible lined with charcoal. The crucible 
is then placed in a furnace, and raised to the very 
highest heat. The oxide of chromium is reduced by 
the charcoal, and the metal is obtained as a greyish- 
white brittle substance, and very difficult of fusion. 
The most powerful acids have little eflfect on chro- 
mium, and the pure metal has been seen by very few 
persons. 

There are seven oxides of chromium, resembling 
very much the corresponding oxides of iron. 

Protoxide of Chromium^ CrO. — If potash be added 
to a solution of the protochloride of chromium, a 
brown precipitate is obtained, which passes into a 
deep red colour. If ammonia be substituted for 
potash, a pale green precipitate is obtained, which is 
the protoxide of chromium, CrO. This oxide is a 
powerful base, forming pale blue salts, which have 
a great affinity for oxygen. 

Protosesquioxide, CrO,Cr203. — This compound is 
produced by the action of water upon the protoxide, 
with the evolution of hydrogen. This compound cor- 
responds to the magnetic oxide of iron. 

If the nitrate of the suboxide of mercury be mixed 
with the chromate of potash, and raised to red heat 

p3 
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in a crucible, the chromate of mercury is formed, 
and the sesquioxide of chromium remains behind. It 
is used in painting and glass-staining. It has a fine 
green colour. After ignition, it is insoluble in acids. 
The hydrate of the sesquioxide, CrgOajSHO, may be 
prepared by boiling a dilute solution of the bichro- 
mate of potash with excess of hydrochloric acid, to 
which a small quantity of alcohol is every two or three 
minutes added, till the liquid changes from orange to 
green. From this solution the hydrate is precipitated 
by ammonia as a pale green colour. 

The anhydrous sesquioxide may be prepared by 
heating to redness the bichromate of potash in an 
earthen crucible. The sesquioxide of chromium is a 
feeble base, resembling the sesquioxide of aluminum. 
It communicates a beautiful green tint to glass, and 
is used in enamel painting. 

Protocklorid€y CrCl, is obtained by heating to red- 
ness the sesquichloride in a porcelain tube through 
which a current of pure dry hydrogen is passing. HCl 
is liberated ; a white mass is obtained which dissolves 
in water with a great increase of temperature, yield- 
ing a blue solution which absorbs oxygen by expo- 
sure, and passes into a deep green colour. The proto- 
chloride of chromium is one of the most powerful 
reducing or deoxidising agents known. 

Sesquichloride^ CrjCla. — This compound may be 
obtained anhydrous^ by heating to redness in a porce- 
lain tube the sesquioxide of chromium, Charcot, and 
dry chlorine gas passed through the tube. The ses- 
quichloride condenses in the cold part of the tube in 
plates of beautiful violet colour. This compound is 
quite insoluble in water. 

Chromic acid^ CrOg. — When the sesquioxide of 
chromium is heated with potash in contact with air. 
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oxygen is absorbed, and CrOj generated. If 100 
measures of a saturated solution of the bichromate 
of potash be mixed with 150 measures of sulphuric 
acid, and allowed to cool, the chromic acid crystal- 
lises out in brilliant red prisms. Chromic acid is 
very soluble in water, and is instantly reduced by 
contact with organic matter. 

The Chromate of Potasky KOjCrO,, is the source, 
from which all the chromic preparations are obtained. 
It is made from chrome iron ore, which is a compound 
of iron, FeO 4- CrjOa. It is reduced to powder, cal- 
cined and heated for a long time in a furnace with 
the nitrate of potash, KOjNOs. The product is 
treated with water, which yields a yellow solution, 
which deposits, on evaporation, crystals of the same 
colour. If sulphuric acid be added to the chromate of 
potash, KOjCrOj, one half of the base is removed, 
and the neutral chromate converted into the bichro- 
mate, KO,2Cr08. This salt is extensively used in 
the arts and, by slow evaporation, crystallises in 
beautiful red crystals. It melts when heated, is solu- 
ble in ten parts of water, and has an acid reaction. 

Chromate of Lead, Pb,0,Cr08. — This is the 
chrome yellow of the painter. When a solution 
of the nitrate of lead is mixed with a solution of 
chromate of potash, a yellow precipitate falls, which 
is the chromate of lead, or the chrome yellow of 
the powder. J£ this compound be boiled with lime- 
water, half of the acid is removed, and a sub-chromate 
formed, which has an orange-red colour. The colour 
of this sub-chromate rivals vermilion in the beautiful 
delicacy of the tint. The yellow and orange chrome 
colours are fixed on cloth by the alternate application 
of the two solutions. 

Chromate of Silver, AgO, CrOg. — When the nitrate 
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of silver is mixed with the chromate of potash, the 
chromate of silver is precipitated as a reddish-brown 
powder. 

Tests. 

Lead salts give a lemon-yellow precipitate of the 
chromate of lead. 

Silver salts, purple red precipitate. 

The chromium compounds impart a beautiful green 
colour to borax in the inner and outer flame of the 
blowpipe. 

Salts of the sesquioxide of chromium may be easily 
recognised : — 

The caustic alkalies precipitate the hydrated oxide, 
easily soluble in excess of the reagent. 

Ammonia precipitates a bluish-green hydrate, which 
is slightly soluble in strong ammonia, forming a pink 
solution. . 

The alkaline carbonates throw down a green pre- 
cipitate. 

Sulphuretted hydrogen, no change. 

Sulphide of ammonia precipitates the hydrate of 
the sesquioxide. 

A salt of chromium may be recognised by baryta 
salts, producing pale yellow precipitates. 



ZINC. 
S^mbd, Zn ; Equivalent, 32*55. 

This metal is generally found in nature associated 
with lead ores, as the carbonate ZnO,C029 and sul- 
phide ZnS. Our chief supplies of this metal are 
from Silesia. The ore is first roasted and then heated 
with charcoal to expel the water and carbonic acid. 
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It is then distilled at a red heat in a large earthenware 
retort. The reduced metal rises in vapour. This 
vapour is condensed in a suitable apparatus. The 
metal generally contains small portions of arsenic. 

The metal is of a bluish colour, and is much used 
instead of lead, in consequence of its cheapness. It is 
crystalline, and under ordinary circumstances brittle ; 
but raised to a temperature of 270° it is malleable, 
and may be rolled out in sheets without fracture. By 
such treatment the metal retains its malleability. At 
a temperature of 400° it may be reduced to powder. 
At a red heat it boils and volatilises, and in the pre- 
sence of air bums with a green light, giving rise to 
the protoxide of the metal, ZnO. 

Zinc is readily dissolved by dilute acids. It is gene- 
rally used in the preparation of hydrogen. 

The only known oxide of this metal is the protox- 
ide ZnO. It is a strong base and may be prepared by 
raising the carbonate to a red heat. 

The neutral carbonate of zinc, ZnOjCOs, is found 
native; it is the chief ore of the metal and is called 
the calamine stone. It may be prepared by adding 
the carbonate of potash to a solution of the chloride 
of zinc, ZnCl + KOjCOa = ZnCCOa + KCl. 

The Sulphate of Zinc, ZnO,S03 + 7HO, White 
Vitriol, resembles in appearance the sulphate of mag- 
nesia. This salt forms the chief part of the residue 
left when hydrogen is evolved by the action of 
dilute sulphuric acid on zinc. The sulphate of zinc 
is used in medicine as an emetic. It forms double 
salts with potash and ammonia, ZnO,SOs + £0,80^ 
+ 7H0. 

The Chloride of Zinc, ZnCl, is prepared by dis- 
solving the oxide of zinc in hydrochloric acid, 
ZnO + HCl = ZnCl -h HO. It is very fusible and solu- 
ble in water and alcohol. The chloride of zinc com- 
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bines with the chloride of ammonium to form a salt 
used in tinning and soft soldering the metals. The 
chloride of zinc is used as a disinfectant, and wood 
saturated with a solution of the chloride is not 
affected with dry rot. The salts of zinc are all solu- 
ble in hydrochloric acid, and most of them are solu- 
ble in water. In acid solutions hydrosulphuric acid 
produces no precipitate, but if an alkaline acetate be 
added, the white sulphide of zinc is thrown down. 
This precipitate is insoluble in potash. 

Tests. 

Sulphide of ammonium, precipitates the sulphide 
of zinc. Caustic alkalies give a white precipitate of 
the hydrate, soluble in excess. 

The carbonates of the fixed alkalies precipitate the 
basic carbonate, insoluble in excess, but soluble in any 
salt of ammonia. 

Carbonate of ammonia precipitates the carbonate, 
soluble in excess. 

The carbonates of the alkaline earths; give no pre- 
cipitate with zinc salts. 

Zinc compounds when fused with carbonate of soda 
on charcoal in the inner flame of a blowpipe, give a 
white incrustation of the oxide of zinc. When 
moistened with cobalt and strongly heated, the colour 
becomes green. 



CADMIUM. 
Symbol, Cd ; Equivalent, 56. 

This metal is more volatile than zinc. It is gene- 
rally associated with its ores. When the calamine 
stone is subjected to distillation with charcoal the 
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cadmium first comes off in vapour. It has a white 
tin colour, very malleable, burns when strongly- 
heated. Hydrochloric and sulphuric acid have no 
effect on the metal at ordinary temperatures. It dis- 
solves easily in nitric acid, and slightly oxidises in air. 

The Protoxide of Cadmium, CdO, may be prepared 
by igniting the carbonate in a crucible ; it is infusible, 
dissolves in acids, and its salts are without colour. 

The Sulphate of Cadmium, CdO,SOs -f 4H0. — 
This salt is obtained by dissolving the oxide in dilute 
sulphuric acid, CdO + HO,S03=HO,CdO,S03. It is 
very soluble in water and forms double salts with 
ammonia and potash. 

The Sulphide of Cadmium, OdS, is obtained by 
passing sulphuretted hydrogen gas through a solution 
of the chloride of cadmium, CdCl + HS = CdS + CIH. 



Tests. 

Hydrosulphuric acid and the sulphide of ammo- 
nium precipitate the yellow sulphide of cadmium : 
insoluble in alkalies. 

Ammonia precipitates a white hydrate, soluble in 
excess, from which the hydrosulphuric acid precipi- 
tates the sulphide. 

The fixed caustic alkalies produce a precipitate of 
the white hydrate, insoluble in excess. 

The alkaline carbonates precipitate the carbonate 
of cadmium: insoluble in excess. 

Cadmium compounds, when exposed to the inner 
blowpipe flame with carbonate of soda or charcoal, 
give a yellow-brown incrustation of the oxide of 
cadmium. 
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TIN. 
Symboiy Sn ; Equivalent, 58. 

Tin occurs in nature as the oxide and sulphide, but 
chiefly as the former. The chief sources of this metal 
are the mines of Cornwall, Saxony, Bohemia, and 
Malacca. It is also found as an aUuvial deposit in 
the beds of small rivers. These two varieties are 
called mine tin and stream tin. The latter has a 
much higher commercial value. 

Tin ore is reduced by first grinding it to pow- 
der, then roasting to get rid of the water, sulphur, 
and arsenic. It is then heated with coal, and the 
reduced metal is cast into large square blocks, a spe- 
cimen of the metal is assayed, and the stamp of the 
Duchy of Cornwall placed on each block. Tin, when 
quite pure, is of a white colour, soft and malleable. 
It is not much affected at ordinary temperatures by 
exposure to water or air: when raised to its melting 
point it rapidly oxidises, passing into a white powder, 
a substance which is used in the arts for polishing, 
and known as putty powder. The metal is easily 
dissolved by hydrochloric and nitric acid. 

The Protoxide of Tin, SnO, is prepared by adding 
a solution of carbonate of potash to a solution of the 
protochloride of tin : — 

SnCl,K0,C02 -f HO = KCl 4- HO 4- COj + SnO. 

When the precipitated hydrate is dried and heated 
in an atmosphere of carbonic acid, it becomes a heavy 
black powder, unalterable in air, but burns like tinder 
in contact with a hot body, and changes into the 
binoxide. The protoxide has no basic properties. 

SujOs. — ^If a solution of the protochloride of tin be 
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mixed with a solution of the hydrated sesquioxide of 
iron, a grey substance falls, which is the sesquioxide 
of tin. 

The Binoxide of Tin, SnOg, has different properties 
according to the method by which it is prepared. If 
nitric acid be made to act on pure metallic tin, a white 
hydrate of the binoxide of tin is produced, insoluble 
in acids. If the bichloride of tin be precipitated by 
an alkali, a white precipitate is obtained of the hydrate 
of the binoxide, freely soluble in acids. 

These precipitates have the same composition ; and 
when heated lose their water and leave the pure bin- 
oxide of tin. They dissolve in caustic potash, and 
are precipitated unchaiiged by acids. The binoxide 
is a feeble base. 

The Protochloride of Tin, SnCl, is obtained by dis- 
solving metallic tin in hot hydrochloric acid. It is 
soluble in water and used as a deoxidising agent for 
the salts of mercury and silver. 

The Bichloride of Tin, SnClg, may be prepared by 
exposing metallic tin to the action of chlorine, or dis- 
tilling 1 part of powdered tin with 5 parts of the 
protochloride of mercury. A solution of the bichlo- 
ride of tin is much used as a mordant. 

JProtosulphide of Tin, SnS, is prepared by fusing 
metallic tin with an excess of sulphur, and strongly 
heating the residue. With hydrochloric acid gently 
heated it evolves hydrosulphuric acid. 

Sesquisidphide of Tin, SusS,, may be prepared by 
gently heating the protosulphide with a third part of 
its weight of sulphur. 

The Bisulphide of Tin, SnS^, Mosaic Gold, is 
prepared by raising to a low red heat in a glass ^ask 
12 parts of tin, 6 of the chloride of ammonium, and 
7 of flowers of sulphur. Two of these substances 

Q 
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fiublime, the bisulphide of tin collecting at the bottom 
in brilliant gold-coloured scales, which are used as a 
substitute for gold. 

If a solution of the terchloride'of gold be added 
to a dilute solution of the protochloride of tin, a pre- 
cipitate is obtained which is known as the purple of 
Cassius, which is used in enamel painting. Tinned ves- 
sels are extensivelj used for domestic purposes. Thin 
plates of iron are superficially covered with tin. 
Good pewter is tin hardened with antimony. 

Salts of the protoxide of tin pass by exposure to 
the atmosphere into salts of the binoxide. 

Salts of the protoxide are precipitated by hydro- 
sulphuric acid and sulphide of ammonium as a deep 
brown protosulphide of tin soluble in excess of the 
sulphide of ammonium. 

Ammonia and the carbonate throw down a white 
hydrate of the protoxide, insoluble in excess. The 
fixed caustic alkalies produce the same results. 

There are two modifications of the binoxide of tin, 
the one insoluble and the other soluble. The hydrate 
of the binoxide, Sn02iH0, is the insoluble compound; 
it is formed when nitric acid acts on metallic tin. 

SnOjNOg + 2H0 = Sn02,2HO + NO4. — This oxide 
combines with acids to form salts, which are insoluble 
in acids. When separated from the excess of acid, 
they dissolve in water, from which they may be again 
precipitated by the acid. After ignition the binoxide 
refuses to unite with acids. 

The soluble modification of the binoxide is pre- 
pared by fusing the insoluble compound with an ex- 
cess of caustic soda. It is easily soluble in acids. 
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Tests. 



Protoxide of Tin. — The caustic alkalies precipitate 
the white hydrate, soluble in excess of the precipitant. 

The carbonates of ammonia, potash, and soda pro- 
duce a similar precipitate, insoluble in excess. Am- 
monia gives the same result 

Sulphuretted hydrogen and the sulphide of am- 
monia give a black precipitate of the protosulphide. 

Binoxide of Tin, — The caustic alkalies precipitate 
the white hydrate, soluble in excess. 

Ammonia and the alkaline carbonates produce a 
white precipitate of the hydrate, slightly soluble in 
excess. Sulphuretted hydrogen and sulphide of am- 
monia a yellow precipitate of the sulphide, soluble in 
excess. 

ANTIMONY. 
Symbd, Sb ; Equivalent 129*03. 

This metal is found in combination with sulphur. 
The ore is heated with metallic iron or the carbonate 
of potash, which removes the sulphur. It is of a 
bluish colour, highly crystalline, having a metallic 
lustre. It is so brittle that it can be reduced to 
powder in a pestle and mortar. It melts below a red 
heat, and volatilises at a white heat. It is not acted 
upon by air at the common temperature. If strongly 
heated, it bums with a white flame, producing crystals 
of the teroxide of antimony. 

There are three oxides of antimony. 

The teroxide of antimony, SbOg. — This oxide is 
feebly basic. It may be prepared by burning metallic 
antimony at the bottom of a large red-hot crucible. 
There is a sulphate, a nitrate, and an oxalate of this 

Q2 
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oxide. When the teroxide of antimony, SbOj, is 
boiled with the bitartrate of potash, it is dissolved, 
and the solution, hj careful evaporation, yields crys- 
tals of tartar emetic, KO,SbOa,C8H40,o + 2H0, the 
tartrate of antimony and potash. 

There is an intermediate oxide of antimony, Sb04, 
which is the ultimate product of oxidising the metal 
by heat, with exposure to the atmosphere. It is an 
indifferent body. 

Antimonic Acid^ SbOs. — When strong nitric acid is 
made to act on metallic antimony, antimonic acid is 
produced. When heated carefully it becomes anhy- 
drous, and of a pale straw colour. At a red heat it 
is decomposed. It is insoluble in water and acids. 
The acid so prepared is monobasic, MuOjSbOg. If the 
pentachloride of antimony, SbClg, be decomposed 
with excess of water, hydrochloric acid and antimonic 
acid is produced. The acid so produced is bibasic, 
2MO,Sb05 or KO.HOjSbOg. This latter salt is the 
only precipitant for soda. It must be added with 
care, or no result is obtained. 

The Terchloride of Antimony^ SbClg, the Butter of 
Antimony, — This compound is obtained when hydro- 
sulphuric acid is generated by the action of hydro- 
chloric acid on the tersulphide of antimony. The re- 
sidual solution is then distilled until each drop of the 
condensed vapour, on falling into the water of the 
receiver, produces a white precipitate. The receiver 
is then changed, and the process carried on. The air 
should be carefully excluded. Alkaline solutions 
decompose the terchloride, producing the teroxide. 
Powdered antimony takes fire in chlorine gas, forming 
SbCl,. 

The Pentachloride of Antimony ^ SbClg, corresponds 
•nic acid. It is prepared by passing a stream 
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of dry chlorine over metallic antimoDy, gently heated 
in a porcelain tube. 

The Tersulphide of Antimony^ SbSg, is the native 
sulphide from which the metal is obtained. 

The PentasulpkidCf SbSg, is unimportant 

There is also a compound of antimony and hydro- 
gen, which is prepared by adding the teroxide of 
antimony and zinc to a solution of dilute sulphuric 
acid. Antimoniuretted hydrogen comes off, which 
burns with a green flame. When a cold plate is 
pressed into the flame, metallic antimony is deposited. 
Antimony is used in medicine ; and, with lead, it 
forms the type-metal of the printer. It is too brittle 
to be used alone, but its alloys have numerous appli- 
cations. 

The salts of the teroxide of antimony are decom- 
posed by the addition of a large quantity of water, a 
white basic salt being separated. Tartaric acid dis- 
solves this compound, and, when present in the solu- 
tion, prevents its formation. 

Tests. 

Hydrosulphuric acid precipitates from acid solu- 
tions of the teroxide the tersulphide of antimony, 
soluble in the sulphide of ammonium and potash, 
but insoluble in the bicarbonate of ammonia. Am- 
monia precipitates the teroxide of antimony, insoluble 
in excess. 

The carbonate of ammonia produces the same 
result, with the evolution of carbonic acid. 

The fixed caustic alkalies precipitate the teroxide, 
soluble in excess. The presence of tartaric acid 
interferes with the reaction. 

Metallic zinc precipitates from salts of the teroxide 

Q3 
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black metallic antimony. In the presence of nitric 
acid the teroxide is separated. 

Nitric acid precipitates antimonic acid from anj of 
its compounds. 

Hjdrosulphuric acid throws down from acid solu- 
tions of antimonic acid an orange-yellow pentasulphide 
of antimony, SbSg. 

Compounds of antimony, exposed with carbonate of 
soda to the reducing flame of the blowpipe, yield 
globules of the metal, a portion of which volatilises 
at a high temperature, forming a white incrustation 
of the teroxide on the charcoaL 



COPPER. 
Symbol, Ca ; Equivalent^ 31*50. 

This metal is sometimes found pure, but generally 
associated with sulphur and iron. Large quantities 
of this ore are obtained from the mines of Cornwall 
and South Australia. The ore is taken to South 
Wales to be reduced. The process of reduction is 
rather complicated. The ore is roasted in a rever- 
beratory furnace. The sulphide of iron is converted 
at a high temperature into the oxide; but the sul- 
phur still exists in combination with the copper. The 
roasted ore is then heated with silicious sand, which 
combines with the iron, forming a fusible slag which 
separates from the sulphide of copper. The iron, by 
repeating this process, is at last removed. The sul- 
phide of copper then decomposes, giving up its sul- 
phur and combining with the oxygen. The oxide is 
then reduced by charcoal. 

Copper is a good conductor of electricity. It is of 
a reddish colour, and very malleable. In a dry at- 
mosphere, it undergoes no change ; in a moist atmo- 
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sphere, it becomes covered with a green crust of 
the carbonate of the metal. Dilute hydrochloric and 
sulphuric acid act slowlj upon copper. Boiliug sul- 
phuric acid and cold nitric acid dissolye it readily ; 
the first yielding sulphurous acid, and the second, 
nitric oxide, or binoxide of nitrogen. There are two 
oxides of copper which form salts. 

Tlie Protoxide^ CuO ; and the Suboxide^ CugO. — 
The protoxide may be prepared by decomposing the 
nitrate in a crucible at a red heat. If the carbonate 
of copper in solution be mixed with a solution of 
caustic potash, a bulky blue precipitate of the by- 
drated oxide falls, which, on being boiled, becomes 
of a dark brown colour : this is the anhydrous oxide. 
The protoxide unites with all the acids, forming a 
series of important salts. The suboxide of copper 
(CujO) often occurs, beautifully crystallised with 
copper ores. It may be obtained artificially by heat- 
ing in a covered crucible 5 parts of the black oxide 
and 4 parts of copper filings, or by adding sugar to a 
solution of the sulphate of copper, and then adding 
caustic potash in excess. The sugar deprives the 
black protoxide of half its oxygen, the suboxide pre- 
cipitating as a brown-red powder. The salts of 
suboxide are colourless and very unstable, owing to 
their tendency to absorb oxyg&n, and pass into higher 
oxides. The protoxide gives a green colour to glass : 
the suboxide, a red colour. 

Sulphate of Copper, Blue Ft^rio/, CuO, SO, -h 6H0. 
— The old copper sheathing of ships is calcined and 
dissolved in dilute sulphuric acid, or by oxidising the 
sulphide. This salt crystallises in large blue crystals, 
soluble in water; and, when anhydrous, is nearly 
of a white colour. At a high temperature the salt is 
decomposed. It combines with potash and ammonia^ 
forming double salts of a blue colour. 
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NUrcUe of Copper, CuO, NO5 + 3H0.— This salt 
]fl prepared bj dissolving the metal in nitric acid. It 
forms deep bine crystals yerj soluble in water. 

Carbonate of Copper^ CnO, C02- — Carbonic acid, 
in yarions proportions, combines with the oxide of 
copper. Wlien a solution of the carbonate of soda is 
added in excess to a solution of the sulphate of copper, 
a pale blue precipitate is obtained. On heating, it be- 
comes sandj, and of a green colour. It has the follow- 
ing composition: CuOjCOj + CuO,HO + HO. This 
salt is used in painting. The green mineral malachite 
has a similar composition. A natural crystalline 
compound of the carbonate of copper and water, 
having a deep blue colour which has not jet been 
imitated artificially, has the following composition: 
2(CuO,C02) + CuO,HO. Verditer is swd to be 
similar in its composition. 

Chloride of Copper^ CuCl + 2H0, is easily pre- 
pared by adding hydrochloric acid to the protoxide of 
copper. It forms green crystals, very soluble in 
water and alcohol. When slightly heated, it loses its 
water of crystallisation, and becomes of a yellowish- 
brown colour. At a high temperature, it loses half 
its chlorine, becoming the subchloride, Cu^CL This 
compound may also be formed by introducing copper 
filings and gold leaf into a jar of chlorine gas. 

Arsenite of Copper {Scheele's green) is prepared by 
mixing a solution of the sulphate of copper with a 
solution of the arsenite of potash. It is a bright 
green powder, and is used in painting. 

Brass is an alloy of 70 parts of copper and 30 parts 
of zinc. Gun-metal is an alloy of 90 parts of copper 
and 10 of tin. Bell-metal contains a larger proportion 
of tin. Good bronze consists of 91 parts of copper, 
2 narts of tin, 6 of zinc, and 1 of lead. The brass of 
^ contained tin instead of zinc. 
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Tests. 



Hjdrosnlphuric acid, and the sulphide of ammo- 
mum, precipitate the black sulphide of copper. 

The fixed caustic alkalies throw down the blue 
hydrate of copper, which, on boiling, loses its water 
and becomes black. 

Ammonia produces a greenish blue precipitate, 
which dissolves in excess, producing a beautiful blue 
azure colour. 

The carbonates of the fixed alkalies throw down a 
greenish-blue carbonate of copper, which, bj boiling, 
becomes black in an excess of the precipitant. 

Cjanide of potassium gives a yellow-green preci- 
pitate, soluble in excess. 

Ferrocjanide of potassium produces a dark, purple 
red precipitate. 

Copper may be thrown down in very dilute neutral 
solutions in a pure metallic state, by introducing a 
bright piece of metallic iron which becomes at once 
covered with copper. When heated upon charcoal 
with the carbonate of soda in the inner blowpipe 
flame, metallic copper is obtained. 



LEAD. 

< 

Symbol, Fb ; Equivalent, 103*56. 

The most abundant ore of lead is the native sul- 
phide (galena), which not unfrequently contains small 
quantities of silver. The ore is placed on the floor 
of a reverberatory furnace. A considerable portion of 
the sulphide becomes by oxidation converted into the 
sulphate. The ore is then thoroughly mixed toge- 
ther, the temperature raised, the sulphide and sul- 
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phate react upon each other, producing sulphurous 
acid and metallic lead: — 

PbO, SO, + PbS = 2S0a + 2Pb. 

Lead is very malleable, it has no elasticitj, and verj 
little strength. It melts at 600^, and volatilises at a 
white heat In moist air it becomes coated with a 
grey fiUn of the suboxide. When melted it absorbs 
oxygen, passing rapidly into the protoxide. AU the 
acids, except nitric, act slowly upon lead. There are 
four oxides of lead. 

ProtOQcide, Litharge^ Massicot, PbO.-^This oxide is 
obtained when melted lead is exposed to a current of 
hot air, or by heating the carbonate to a dull redness. 
When carefully prepared, it ^s of a pale yellow colour ; 
when raised to a red heat, it fuses and forms crystals 
on cooling of a brick-red colour. It is slightly soluble 
in water, giving an alkaline reaction. In a melted 
state, it dissolves in silidous matter with great, 
energy. It is largely used in the manufacture of 
glass, upon which it confers great brilliancy. It 
unites with acids, forming a large class of colourless 
salts, if the acid be without colour. 

Red Oxide of Lead, Red Lead, Vhfi^ = 2PbO + 
Pb02. — This oxide is prepared by exposing for a long 
time to a dull red heat the protoxide of lead which 
has not been fused. It is a brilliant red powder. By 
the action of acids it is converted into the protoxide 
and binoxide. It is used in painting, and sold as a 
substitute for vermilion. 

The Binoxide or Brown Oxide, PbOj, is obtained 
by digesting red lead in dilute nitric acid. At a 
red heat it is converted into the protoxide. Hydro- 
chloric acid converts it into the chloride. When 
heated with sulphuric acid, it forms the sulphate 
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of lead, one equivalent of oxygen being liberated. 
The binoxide of lead is used to separate sulphurous 
acid from gaseous mixtures, by converting the sul- 
phurous acid into sulphuric, — PSOq + S02=PbO,SO,. 

The Stiboxide of Lead, PbjO, is obtained when the 
oxalate of lead is heated to a dull red heat in a retort. 
It absorbs oxygen with avidity, passing into the 
protoxide. 

The Nitrate of Lead, PbO,N05.— If the carbonate 
of lead be dissolved in dilute nitric acid, the nitrate 
of lead is thrown down, and the carbonic acid libe- 
rated; or the protoxide may be dissolved in dilute 
nitric acid, and concentrated till the crystals separate. 

Carbonate of Lead, White Lead, PbO, CO2. — This 
salt is sometimes found crystallised in long white 
needles with other metallic ores. It is prepared by 
adding in the cold the carbonate of soda to the acetate 
of lead. It is, however, largely manufactured for 
painting in the following manner : — Into a great 
number of earthen ' jars, arranged side by side, a 
little vinegar is poured. These jars stand on manure 
or tan ; to each jar, a roll of sheet lead is adapted, 
or bars cast into the shape of a portcullis are placed, 
so as not to touch the vinegar or project above 
the jar. The jars are closely covered with boards, 
and a layer of tan or manure is placed upon the top. 
Another row of pots is then placed on the top of 
these, covered in like manner. By this arrangement 
a pile of many rows is constructed. After the lapse 
of some days^ the sheets or bars of lead are taken 
out of the pots, when it is found that they are 
in great part converted into the carbonate, which 
is made I'eady for use by washing and grinding. 
The nature of the change is not well understood : it 
is thought tihat an acetate of lead is first formed, 
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which is decomposed bj the carbonic acid of the 
decomposing manure. 

K clean metallic lead be placed in pure v^ater with 
exposure to the air, a white powder makes its appear- 
ance, covering the whole of the lead. This substance 
is slightly soluble, and may be easily detected. This 
deposit is chiefly due to the action of the carbonic 
acid dissolved in the water, and consists of a combi- 
nation of the carbonate and hydrate. In common 
river and spring >water, a little sulphate is almost 
always present ; this forms a thin film of the insoluble 
sulphate of lead, which prevents further action. It 
is for this reason that leaden cisterns may be used 
without danger. If the water were quite pure, it 
would be contaminated with lead, and in course of 
time the whole of the lead would be dissolved. Water 
containing a large quantity of free carbonic acid 
cannot be safely kept in leaden cisterns or passed 
through leaden pipes. The carbonate, although very 
insoluble in pure water, is slightly soluble in water 
containing free carbonic acid. 

The Chloride ofLead^ PbCL — This salt may be pre- 
pared by adding litharge to boiling dilute hydrochloric 
acid, filtering, and setting aside the filtrate to cool, or 
by mixing a saturated solution of the acetate of lead 
with the chloride of sodium. 

Iodide of Leady Pbl. — This salt is obtained as a 
beautiful yellow precipitate when any soluble salt 
of lead is mixed with a solution of the iodide of 
potassium. 

Tests. 

Lead salts are thrown down as a black sulphide on 
the addition of hydrosulphuric acid or sulphide of 
ammonium. The insoluble compounds of lead, by 
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digestion with sulphide of ammoniam, yield the sul- 
phide if hydrochloric acid is present. The precipitate 
approaches a brownish-red colour. 

The soluble chlorides, as hydrochloric acid, precipi- 
tate in solutions of the oxide. The white chloride 
is soluble in an excess of water or potash. 

Sulphuric acid precipitates the white sulphate. 

Ammonia precipitates all the lead salts except the 
acetate, as the white hydrate, insoluble in excess. 

The chromates precipitate the yellow chromate of 
lead from solutions of the oxide, insoluble in dilute 
nitric acid. 

The fixed caustic alkalies precipitate the white 
hydrate, soluble in excess. 

The alkaline carbonates precipitate the white car- 
bonate, insoluble in excess, but soluble in caustic 
potash. ' 

The compounds of lead, when heated in the blow- 
pipe on charcoal with the carbonate of soda, yield 
a globule of metallic lead. 



BISMUTH. 
Symbol, Bi; Equivalent, 213. 

This metal is of a reddish colour. It is separated 
from the earthy matter with which it is associated by 
heating the mixture in a crucible. It volatilises at 
high temperatures, is slightly oxidised by contact 
with air, and dissolves freely in dilute nitric acid. 

The Teroxide of BismtUh, BiOj, is the base of all 
the bismuth salts. It fuses at a high temperature, 
and forms a powerful flux with silicious substances. 

Mtrate of Bismuth, BiOsjSNOg + lOHO. -— This 
salt is prepared by dissolving a saturated solution of 

B 
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bismuth in nitric acid. If the solution be left for 
some time, large crystals of the neutral nitrate of 
bismuth are deposited. There is a basic nitrate of 
bismuth, BiOsNOs + 2H0. This salt was exten- 
sively used as a cosmetic, but it injures the skin. 
It is occasionally used in medicine. Eight parts of 
bismuth, 5 of lead, and 3 of tin form a fusible metal 
used for taking impressions from seals. Bismuth also 
enters into the composition of the best kinds of type. 

Tests. 

Hydrosulphuric acid and sulphide of ammonium 
precipitate a dark tersulphide of bismuth, BiS^ 

The alkalies precipitate a white hydrate, insoluble 
in excess. 

The alkaline carbonates precipitate a white carbon- 
ate, slightly soluble in an excess of the precipitant. 

Chromate potash precipitates a yellow chromate of 
bismuth, insoluble in caustic potash, but soluble in 
nitric acid. 

Bismuth salts give, when heated upon charcoal with 
carbonate of soda in the inner flame of the blowpipe, 
a yellow incrustation. 



MERCURY. 
Symbol, Hg ; Equivalent, 100. 

This important metal has been known from a very 
early period. It is found native, but chiefly in com- 
bination with sulphur. This ore is sometimes called 
cinnabar. It is found chiefly in Spain, and large 
quantities, in a state of great purity, have recently 
been imported from California. The mercury is 
separated from the sulphur by heating the ore in an 
iron retort, with scraps of iron or lime, at a high 
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temperature. The mercury rises in vapour, which 
passes over into a large chamber, where the mercury 
is condensed, and the sulphurous acid escapes. Mer- 
cury is imported in iron bottles, each holding seventy- 
five pounds. The iron bottles are sometimes used for 
preparing oxygen from tlie binoxide of manganese. 
Mercury is sometimes adulterated with tin and lead. 
Mercury, at ordinary temperatures, is a liquid. At 
662° it boils, and passes into a colourless vapour of 
great density ; at a temperature of —40° F. it solidifies. 
At ordinary temperatures, mercury undergoes no 
change. When near its boiling point it absorbs 
oxygen, passing into a dark red powder, which is the 
red protoxide, and highest oxide of the metal. At a 
temperature approaching red heat it is decomposed 
into metallic mercury and oxygen. It was by this 
method that Priestley discovered the presence of 
oxygen gas. Dilute hydrochloric and sulphuric acid 
have no efiect on the metal at ordinary temperatures. 
Concentrated boiling sulphuric acid converts mei'- 
cury into the sulphate of the protoxide of the metal, 
with evolution of sulphurous acid. Nitric acid, at the 
common temperature, dissolves mercury without diffi- 
culty, with evolution of the binoxide of nitrogen. 

There are two oxygen compounds of mercury, the 
grey or suboxide, Hg20, and the red or protoxide, 
HgO. The salts of the latter are the most permanent 
in their character. The isomorphous relationship of 
mercury to the other metals is not well established. 

The Suboxide of Mercury^ Hgj, is prepared by 
digesting calomel, HgjCl, with a solution of caustic 
potash, or by adding caustic potash to the nitrate of 
the suboxide. It is a dark grey powder, insoluble in 
water. Mercury and chalk, and grey ointment are 
preparations of this oxide. 

s 2 
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The Protoxide of Mercury, HgO, inay be prepared 
by heating the nitrate of the protoxide until the acid 
is expelled, or by adding an excess of caustic potash 
to a solution of corrosive sublimate, HgCl. A bright 
yellow precipitate of the protoxide is thrown down. 
It is slightly soluble in water, and very poisonous. 

Sulphate of the Suboxide of Mercury ^ Hg20,S03, 
is prepared by adding sulphuric acid to a solution of 
the nitrate of the suboxide. 

Sulphate of the Protoxide of Mercury^ HgCSOg, 
may be obtained by boiling equal weights of sul- 
phuric acid and mercury, until the metal is converted 
into a white crystalline powder, which is the sulphate 
of the protoxide of the metal. The solution is evapo- 
rated to dryness. Water decomposes this salt, form- 
ing an insoluble yellow compound, called turbith 
mineral, SHgOjSOj. By continual washing with hot 
water, the acid is entirely removed, leaving the original 
protoxide of the metal. 

The Nitrate of the Suboxide of Mercury , HgaOjNOs 
-f 2 HO, is obtained by dissolving mercury in an excess 
of dilute nitric acid. If the mercury be in excess, a 
salt is deposited, containing 3Hg20,2N05 + 3H0, 
which is decomposed by water. These salts, having 
a similar composition, may be easily distinguished by 
rubbing them in a mortar with a little chloride of 
sodium. 

The nitrate of the suboxide gives nitrate of soda 
and calomel. The basic salt gives a black compound 
of the nitrate of soda, calomel, and protoxide of 
mercury. 

The Nitrate of the Protoxide of Mercury, HgOjNOs, 
is prepared by dissolving the red oxide in excess of 
nitric acid and gently evaporating. When the solu- 
tion, which has this composition, HgOjNOs + 2H0, 
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has become thick, it is placed under a bell jar over 
strong sulphuric acid, when large crystals are depo- 
sited : 2(HgO,N05) + HO. 

The Subckloride of Mercury^ Calomel^ HgaCl, 
is a very important compound. It may be pre- 
pared by pouring a solution of the nitrate of the sub- 
oxide into a large excess of dilute solution of common 
salt. Calomel is usually, prepared by the following 
method. The dry sulphate of the red oxide of mercury 
is rubbed in a mortar with the same weight of mer- 
cury the salt contains, and a quantity of the chloride 
of sodium. When a uniform mixture has been pro- 
duced, it is placed in a retort. It sublimes at a tem- 
perature below a red heat. The vapour is conveyed 
into a chamber, and condensed in a finely divided 
state : — 

HgO,S03 + Hg + Naa = HgaCl + NaO,S03. 

Calomel is a white heavy insoluble powder. It is not 
affected with cold nitric acid, but hot nitric acid dis- 
solves it. It is decomposed by lime water, with pro- 
duction of the suboxide. If calomel should contain 
any chloride of mercury it is very dangerous. This 
chloride may be detected by boiling the calomel with 
water, filtering the solution, and adding caustic 
potash. Any corrosive sublimate is detected by a 
yellow precipitate. 

The Protochhride of Mercury, HgCl, may be pre- 
pared by dissolving the red oxide in hot hydrochloric 
acid, when crystals of corrosive sublimate separate as 
the solution cools. It is generally prepared by rub- 
bing a mixture of the dry sulphate of the protoxide 
of mercury, with an equal weight of dry common 
salt: — 

HgCSOa -h NaCl = HgCl + NaO,SOa. 

R 3 
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Corrosive Sublimate is a white crystalline com- 
pound. It absorbs ammoniacal gas freely, is soluble 
in water, and forms a series of double salts ; — 

HgCl + NH4CI H- HO. 

Organic substances containing nitrogen unite with 
corrosive sublimate, forming insoluble compounds. It 
is on this account that albumen is a good antidote to 
poisoning by corrosive sublimate. Hyam's patent for 
preserving timber, cordage, &c. consisted in saturating 
the substances with a solution of corrosive sublimate. 

Subiodide of Mercury^ Hg2l, is obtained when a 
solution of the iodide of potassium is added to a solu- 
tion of the nitrate of the suboxide of mercury. The 
subiodide separates as an insoluble dirty yellow pre- 
cipitate. 

The Protoiodide of Mercury, Hgl, is prepared by 
adding, in equivalent proportions, a solution of the 
iodide of potassium to the protochloride of mercury. 
The precipitate is first yellow, but changes into a 
brilliant permanent scarlet colour. 

Subsulphide of Mercury ^ HggS, is thrown down as 
a black precipitate when a solution of hydrosulphuric 
acid is mixed with a solution of the nitrate of the sub- 
oxide of the metal. It is decomposed by heat into 
sulphur and metallic mercury. 

The Protosulphide of Mercury, Cinnabar, Vermi- 
lion, HgS. — When hydrosulphuric acid gas is passed 
gradually into a solution of corrosive sublimate, a 
white precipitate is obtained, a compound of the salt 
and sulphide. An excess of gas converts it into the 
black sulphide. When this black sulphide is sublimed, 
it undergoes no change of composition, but it becomes 
a dark red crystalline compound known as cinnabar 
and vermilion. When the protosulphide is heated in 
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air, it yields sulphurous acid and metallic mercury. 
The protosulphide is not attacked by alkalies or strong 
mineral acids. It dissolves in aqua regia. 

Mercury dissolves many of the metals, as gold, 
silver, lead, tin. A mixture of tin and mercury is 
used in silvering glass. The compounds are called 
amalgams. 

All the basic salts of the suboxide are white ; the 
neutral salts are yellow. 

Salts of the suboxide are reduced by zinc, iron, 
copper, and the sulphate of the protoxide of iron. 

Tests. 

Hydrosulphuric acid precipitates the black subsul- 
phide, HggS. 

The sulphide of ammonium produces the same re- 
sult, insoluble in excess. It is decomposed into metallic 
mercury and sulphide of mercury on the addition of 
potash. 

The soluble chlorides and hydrochloric acid preci- 
pitate the white subchloride, which is converted into 
the black suboxide on the addition of any caustic 
alkali. 

The alkaline carbonates precipitate the carbonate 
of the suboxide. 

Salts of the protoxide are precipitated as the black 
protosulphide, on the addition of hydrosulphuric acid 
and the sulphide of ammonium. This precipitate is 
soluble in caustic potash if the sulphide of ammonium 
be in excess. On the addition of a small quantity of 
these reagents the precipitate is white ; but on a 
greater addition the black sulphide is produced, in- 
soluble in concentrated boiling nitric acid, but easily 
dissolved in nitro-hydrochloric acid. 
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Ammonia, and the carbonate of ammonia, give a 
white precipitate. 

All the compounds of mercury, when heated in a 
test-tube with carbonate of soda slightly moistened, 
yield globules of metallic mercury easily seen through 
a lens. Mercury, in neutral and slightly acid solu- 
tions, may be detected on the introduction of a piece 
of bright copper foiL After a few minutes, a grey me- 
tallic covering of mercury is produced. 



SILVER. 
Symbol, Ag ; Equivalent, 108. 

This metal is found in its pure state, but chiefly as 
the sulphide, bromide, and chloride, and in combina- 
tion with lead ores. The chief sources of this metal are 
the mines of the Hartz mountains in Germany, Kongs- 
berg in Norway, and the Andes in America. The ores 
are too poor to admit of the metal being extracted by 
smelting, although fuel may be abundant in the neigh- 
bourhood. It is therefore obtained by a complicated 
process of amalgamation with mercury. Pure silver 
may be obtained by dissolving the metal in pure 
nitric acid. If copper be present, the solution will 
be of a faint green tint, If gold be present, a black 
undissolved powder will remain. K the solution be 
now mixed with hydrochloric acid, a white insoluble 
precipitate of the chloride of silver will be obtained. 
This is washed, dried, and mixed with twice its weight 
of anhydrous carbonate of soda, and heated in an 
earthen crucible, gradually raised in temperature 
until it approaches a white heat. The oxygen and 
carbonic acid are evolved, and an alloy of metallic 
silver and sodium is formed. The silver button at the 
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bottom of the crucible is easily separated from the 
sodium. Silver is of a white colour, of great lustre, 
malleable, ductile, and an excellent conductor of heat 
and electricity. It is unalterable in air and water. 
When strongly heated in air or oxygen, it absorbs 
many times its volume of that gas; but when the 
metal solidifies it parts with its oxygen, giving a 
rough arborescent appearance to the surface of the 
metaL The addition of a small portion of copper 
prevents the absorption of oxygen. When silver is 
heated with powdered glass, it forms a silicate of an 
orange colour. Hydrochloric acid has little effect on 
silver. Hot sulphuric acid converts it into a sulphate. 
^Nitric acid dissolves it easily. The metal has a great 
affinity for sulphur. Sulphuretted hydrogen tar- 
nishes the surface with a black sulphide. This is the 
reason silversmiths usually burn their gas outside the 
shop. 

There are three oxides of silver : — 
The Suboxide. Ajg^O, which is unimportant. 
The Protoacide of Silver^ AgO, is a powerful base, 
neutralising the most powerful acids, which form 
colourless salts. It may be prepared by precipitating 
the nitrate of silver with caustic potash. It is soluble 
in ammonia and slightly soluble in pure water. At a 
red heat, it is decomposed into metallic silver and 
oxygen. 

The Peroxide is unimportant. 
The Nitrate of Silver, Lunar Caustic, AgON,05, 
is prepared by dissolving metallic silver in nitric acid. 
The solution is concentrated and evaporated. When 
melted and poured into cylindrical moulds it forms 
the lunar caustic of the surgeon. When exposed to 
light, the salt blackens, especially if any organic 
matter be present It stains the skin black, and is 
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employed as a dye for the hair, and the manufacture 
of marking ink for linen. 

Sulphate of Silvery AgOjSOj. — This salt is pre- 
pared by precipitating a concentrated solution of the 
nitrate of silver with sulphate of potash. 

The Hyposulphate of SUver, AgO,S205 + HO. — 
This salt is of a white colour, very soluble and per- 
manent. 

The Hyposulphite of Silver ^ AgO,S202 4- HO, 
is a very unstable compound, insoluble, and of a 
white colour. It combines with any alkaline hy- 
posulphite, forming soluble compounds of a sweet 
taste. The oxide and chloride of silver give rise to 
similar compounds with the alkaline hyposulphites. 

The Carbonate of Silvery AgO,C02, is prepared 
by mixing a solution of the nitrate of silver with a 
solution of the carbonate of soda. 

Chloride of Silver y AgCl. — This salt is produced 
when any silver compound is precipitated with a 
soluble chloride. It is of a white curdy appearance, 
quite insoluble in water and nitric acid. It is some- 
times found native, ahd is called horn silver. The 
chloride of silver is decomposed by exposure to light, 
especially if any organic substances are present It 
is reduced to its metallic state when put into water 
with metallic zinc or iron. It is soluble in ammonia 
and the cyanide of potassium. 

The Iodide of Silvery Agl, is obtained when a 
solution of the iodide of potassium is added to the 
nitrate of" silver. It is nearly insoluble in ammonia. 
In this respect it is an exception to the silver salts 
generally. The bromide resembles the chloride. 

The Sulphide of Silvery AgS, is obtained by pre- 
cipitating a solution of silver with hydrosulphuric 
acid. The saltfi of silver are without colour, and 
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leave in most cases metallic silver after ignition. 
Silver compounds ai'e decomposed by zinc, iron, 
copper, sulphate of the protoxide of iron, and chloride 
of tin, metallic silv^* being precipitated. 

Tests. 

Hjdrosulphuric acid and sulphide of ammonia pre- 
cipitate the black sulphide of silver. 

Hydrochloric acid and the soluble chlorides throw 
down a white curdy precipitate of the chloride of 
silver. Soluble in ammonia^ but insoluble in nitric 
acid. 

The fixed caustic alkalies, give a brown precipitate. 
Neutral solutions of silver salts are rendered turbid 
by ammonia. 

The alkaline carbonates throw down the white 
carbonate of silver, soluble in an excess of the car- 
bonate of ammonia. 



PLATINUM. 
Symbol, Ft $ Equivalent^ 98*7. 

This metal in a crude state, associated with palladium, 
rhodium, iridium, osmium, and iron, is found among the 
diluvial accumulations on the slope of the Ural moun- 
tains in Eussia, Ceylon, and South America. It has 
never been seen in the rocks of any of the materials 
accompanying it. It is extracted from the alloy by a 
very difficult and complicated process. 

Flatinum is a white metal, very malleable, ductile, 
and infusible, scarcely yielding at times to the oxy- 
hydrogen blowpipe. It is the heaviest known sub- 
stance. Neither air, moisture, nor ordinary acids 
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have the slightest effect on platinum. It is dissolved 
in nitro-hydrochloric acid, and oxidised by the fused 
hydrate of potash. Spongy platinum and platinum 
black have the property of condensing gases into their 
pores, especially oxygen. It is this property which 
is thought to determine the union of hydrogen and 
oxygen when a piece of spongy platinum is held 
before a jet of hydrogen. 

There are two oxides of platinum. 

The Protoxidey PtO, of platinum may be obtained 
by digesting the protochloride with caustic potash : 
a black powder, the protoxide of platinum is pro- 
duced, soluble in an excess of potash. 

The Binoxide of Platinum^ Pt02, is prepared by 
boiling the bichloride with an excess of caustic soda, 
then adding acetic acid. A bulky brown powder is 
produced which becomes black and anhydrous when 
gently heated. 

The Bichloride of Platinum^ PtCl2, is the most 
important compound. This compound is formed 
when platinum is dissolved in nitro-hydrochloric acid. 
On evaporating to dryness, a reddish-brown residue is 
left, very soluble in water and alcohol. The solution 
has an orange-yellow colour. It forms a variety of 
double salts with metallic chlorides. When a solution 
of the bichloride of platinum is added to any solution 
of potash, a bright yellow crystalline precipitate is 
produced of the bichloride of platinum and the chlo- 
ride of potassium, PtCl2 • KCL A few drops of hydro- 
chloric acid promote the formation of the precipitate. 

The Chloride of Platinum^ PtCl, is produced when 
sulphurous acid is passed into a solution of the bi- 
chloride until it ceases to give a precipitate with 
chloride of ammonium. It is a greenish powder 
insoluble in water, but soluble in hydrochloric acid. 
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Tests. 



A solation of the binoxide or bichloride of platinum 
can be recognised by a yellow precipitate with chlo- 
ride of ammonia and chloride of potassium. Hydro- 
sulphuric acid, on the application of a moderate heat, 
precipitates the bisulphide, of a brownish-black co- 
lour, insoluble in nitric acid and hydrochloric acid, 
but soluble in the sulphide of ammonium and nitro- 
hydrochloric acid. Chloride of tin, in the presence 
of free hydrochloric acid, gives a reddish-brown 
colour to solutions of platinum. 



GOLD. 
Symbolf An ; Equivalent^ 98*33. 

This metal is widely diffused throughout nature. 
Small quantities are found in iron pyrites and the 
granitic rocks. It is always found in a pure metallic 
state, beautifully crystallised in a cubic form, asso- 
ciated with sand, quartz, and oxide of iron. The 
sands of various rivers contain this metal in a finely- 
divided state. This is the gold-dust of commerce. 

Gold does not oxidise in air or water. It is not 
affected by hydrosulphuric acid or any single acid. A 
mixture of hydrochloric and nitric acid is used to 
dissolve it. Gold melts at a temperature of 5237° 
Fahr. It is the most malleable and ductile of all the 
metals. The thinnest gold-leaf is said not to exceed 
the 3ft(/flOQ th of an inch in thickness. 

There are two oxides and two chlorides of gold. 

The Protoxide of Gold, AuO, is obtained by adding 
a solution of caustic potash to the protochloride. It 
is a green powder, slightly soluble. The solution is 

s 
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very unstable, and decomposes into metallic gold and 
the teroxide of the metal ; the latter dissolves, and 
the former falls in fine powder to the bottom. 

The Teroxide of Goldy AuOj, is obtained by adding 
magnesia to the terchloride. It is a reddish-yellow 
powder, which dries into a dark brown colour. 

The Protochloride of Gold, AuCl, is produced by 
evaporating the terchloride to dryness and exposing 
to a heat of about 440% until chlorine ceases to be 
given ofi^. It is a yellowish-white mass insoluble in 
water. 

The Terchloride of Gold, AuClg, is the most im- 
portant compound. It may be produced on a small 
scale by sending chlorine through water in which 
pieces of gold leaf are suspended. The gold dissolves, 
and if the solution be evaporated it yields crystals of 
the terchloride. It is always produced when gold is 
dissolved in nitro-hydrochloric acid. It is very deli- 
quescent and soluble in water. The terchloride com- 
bines with other metallic chlorides forming double 
salts. The general formula of these compounds may 
be thus represented, MCI + AuClg. 

The terchloride of gold, with an excess of the bi- 
carbonate of soda or potash, is used for gilding small 
ornamental copper articles. They are first cleaned 
with dilute nitric acid, then boiled for some time in 
the solution. 

Gold coins are alloyed with a proportion of silver 
or copper to increase its hardness and durability. 
English standard gold contains -^ of copper. 

Gilding on copper is now performed by electrolysis. 
The solution employed for this purpose is obtained by 
dissolving the oxide or cyanide of gold in a solution 
of the iodide of potassium. 

The most important reducing agents for gold are. 



^ 
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the sulphate of the protoxide of iron, oxalic acid, and 
chloride of tin. The sulphate of the protoxide of 
ii*on precipitates metallic gold as an impalpable brown 
powder, which may be collected on a filter. Dried 
and rubbed with a smooth body, it assumes the yellow 
colour and metallic lustre of the metal. 

The chloride of tin, containing a little bichloride, 
on the addition of a drop of nitric acid, produces in 
very dilute solutions of gold a purple precipitate, 
known as the purple of Cassius. 



ARSENIC. 
Sywbcly As ; Equivalent, 75. 

This metal is of a steel-grey colour. It is sometimes 
found native, but more frequently in combination with 
oxygen, sulphur, iron, nickel, and cobalt. These ar- 
senides of the metals are placed in a reverberatory 
furnace, and the volatile products condensed in a 
chimney of peculiar construction. The crude arsenious 
acid is then purified by sublimation. It is then re- 
duced with charcoal in an earthenware retort, and the 
metal easily sublimes. 

Arsenic, when heated, oxidises into arsenious acid. 
It has the odour of garlic, and combines with the 
metals, like sulphur and phosphorus. It unites with 
oxygen in two proportions : — arsenious acid, AsOg, 
and arsenic acid, ASO5. There is no basic compound 
of this metal. 

Arsenious Acid, Wliite Oxide of Arsenic, AsOg, is 

prepared by heating arsenic in contact with air. It 

is very soluble in hot water, and the acid crystallises 

in transparent octohedrons. The alkalies dissolve 

this compound readily, forming arsenites. Arsenious 

s2 
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acid is a powerftil poison. In experimenting with 
arsenic compounds, the student should avoid inhaling 
the vapours. 

Arsenic Acid, ASO5. — This compound is produced 
hj dissolving arsenious acid in hot hydrochloric acid, 
and oxidised with nitric acid so long as red vapours are 
produced. The solution is then carefully evaporated 
to dryness. The acid so obtained is white and anhy- 
drous. It slowly and entirely dissolves in water, 
the solution being slightly acid, which, on being evapo- 
rated, yields, after some time, crystals of hydrated 
arsenic acid. When heated, it is decomposed into 
arsenious acid and oxygen. 

Arsenic acid resembles in the closest manner phos- 
phoric acid, forming salts corresponding to the phos- 
phates. 

The Arseniate of Soda, 2NaO,HO,As05 + 24HO, 
cannot be distinguished in its appearance from the 
phosphate of soda. It may be prepared by adding a 
solution of carbonate of soda to a solution of arsenic 
acid until the acid is completely neutralised, and then 
evaporating. 

There are also two other arseniates of soda, having 
the following composition: — 3NaO,As05 + 24HO, 
and NaO,2HO + As06,24HO. 

There are three sulphides of the metal. 

Realgar, ASS2, which is found native, and can be 
formed artificially by heating arsenic acid with the 
equivalent proportion of sulphur. It is employed in 
painting and for making white fire. 

Orpiment, AsOs, is ^^so a natural compound. This 
may be prepared by precipitating an acid solution of 
arsenic with hydrosulphuric acid; after the lapse 
of some time a higher sulphur compound is preci- 
pitated. 
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The Pentctsulphide of Arsenic, AsSg, is not im- 
portant. 

The three sulphur compounds of arsenic are all 
sulphur acids. 

Tests. 

Arsenious acid can be detected by characters which 
cannot be mistaken. 

The nitrate of silver, added to a solution of arseni- 
ous acid and water ; on the addition of a drop or two 
of ammonia^ a yellow precipitate of the arsenite of 
silver is thrown down, very soluble in ammonia and 
nitric acid. 

Sulphate of copper, on the addition of a little 
alkali, added drop by drop, produces a yellow green 
precipitate (Scheele's green), soluble in ammonia. 

Sulphuretted hydrogen, passed through a solution 
of arsenious acid, previously acidulated with a few 
drops of hydrochloric acid ; a ^jopious bright yellow 
precipitate of orpiment is thrown down, soluble in 
ammonia, and can be reprecipitated by sulphuric acid. 

The detection of arsenious acid, when mixed with 
the contents of the stomach, is much more difficult. 
The presence of organic matter so interferes with the 
action of the tests just given, as to render their re- 
sults worthless in a matter of so much importance. 

Marsh's plan is, perhaps, the most simple and 
delicate. Slips of pure zinc are placed in the lower 
bulb, by unscrewing the stop-cock. The suspected 
liquid, which has been acidulated with pure sulphuric 
acid in the proportion of one ounce of acid to. a pint 
of the liquid, is then introduced among the scraps of 
zinc. The stop-cock is closed, and hydrogen is 
generated in the lower bulb, which forces the liquid 
into the upper bulb. The apparatus now acts by 

63 
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hydrostatic pressure. As soon as the stop-cock is 
opened the gas is forced through the jet and inflamed ; 
a piece of white porcelain is held in the flame, when 
any arsenic is at once recognised by the presence of 
a black, brilliant metallic spot of reduced arsenic on 
the porcelain. 

The evolution of hydrogen in the lower bulb com- 
bines with the arsenious acid, and the gas which is 
inflamed is arseniuretted hydrogen, which in contact 
with the cold porcelain is reduced to a metallic state. 



RESUME. 



POTASSIUM. 
Symbcl, E ; Equivalent, 39. 

Discovered by Sir H. Davy in 1807. 

Physical Properties. — A white, soft metal, capable 
of being cut with a knife. 

Specific Gravity, — 0*86. 

Chemical Properties. — A simple body absorbing 
oxygen at all temperatures, and decomposing water 
in the cold. 

Preparation. — By reducing the carbonate of potash 
and charcoal to powder, and heating in an iron retort, 
the potassium In a melted state falls into a receiver 
containing naphtha. 

Protoxide op Potabsa, Potash. 
Symbol^ EO ; Equivalent^ 47. 

Physical Properties. — A white, solid body. When 
touched with the fingers it feels soapy. It is fusible 
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at a dull red heat, and volatilises at a high temperature. 
Potash unites with water, forming the hydrate of 
potash, which is the true caustic potash, KO,HO. It 
is a very powerful alkali, completely neutralising the 
strongest acids. On exposure to the air potash ab- 
sorbs moisture, becomes slightly liquefied ; and when 
converted into the carbonate it melts. 

Preparation, — The potash of commerce is an im- 
pure carbonate, and is chiefly obtained from wood 
ashes. 



Nitrate of Potash, Nitrb. 
Symbol, KO^NO^ ; Equivalent, 101. 

Physical Properties, — A white salt, crystallised in 
long six-sided prisms. It is decomposed at a high 
temperature. 

Chemical Properties, — It is soluble in water, and 
becomes liquid in a moist atmosphere. It is a poison 
when taken in large quantities. With sulphur and 
carbon it forms gunpowder. 

Nitre is found in many parts of the East as a white 
efflorescence on the surface of the earth. The French 
manufacture it artificially from urine, chalk, and de- 
composing animal substances. 

Powder differs in its composition according to its 
use. The following may be taken as the general 
composition : — 

K0,N05 4- S + 3C. 

When powder has to be manufactured for mining or 
sporting, these proportions vary. 
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SODIUM. 
Symbol, Na; EquiiXilent, 23. 

Discovered by Sir H. Davy in 1807. 

Specific Gravity, — 0*97. 

Physical Properties, — ^A white, silver-looking metal, 
solid at ordinary temperatures, and volatilises at a 
red heat. 

Chemical Properties, — Decomposes warm water, 
and absorbs oxygen at all temperatures. It is kept 
in naphtha. 

Preparation. — By heating the carbonate of soda 
and charcoal in iron retorts, the same as described 
under potassium. 

80DA. 
Symbol, KaO ; Equivalent, 31. 

Soda is very analogous in all its properties to 
potash. 

The soda of commerce is an impure carbonate, 
chiefly obtained from the ashes of marine plants. 

SuLPHATB or Soda. 
Symbol, NaO,SO, ; Equivalent, 71. 

Physical Properties, — A white salt, crystallised in 
four sides ; soluble in twice its weight of cold water. 
It is used in the manufacture of hydrochloric acid and 
the carbonate of soda. 

Cmx)BiDB OF Sodium, Common Salt. 
Symbol, NaCl ; Equivalent, 68*5. 

Physical Properties, — A white salt, crystallised in 
the form of cubes. It is soluble in water, and is 
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obtained by evaporation. Our chief supplies are 
from the salt mines of Cheshire. 

The brine springs of Cheshire yield a large supply. 
It is sometimes obtained by evaporating sea-water. 

AMMONIA. 
Sjfmbol, NH4O ; Equivalent, 26. 

The compound metal ammonium, of which ammonia 
is the oxide, has never been isolated. 

Chemical Properties. — Ammonia has a powerful 
odour, and very volatile. It is strongly alkaline, and 
can be made to replace potash or soda. It is this 
property of ammonia which gives rise to a series of 
salts analogous to those of soda and potash. 

The salts of ammonia contain an equivalent of 
water. Hypothetical formula of ammonium, NH4. 
The hydrate is the oxide NH3HO or NH4O. All the 
salts of ammonia are constituted on this theory. 

Cabbokatbs of Ammonia. 

The neutral anhydrous carbonate of ammonia, 
NH3,C02, is prepared by the direct union of carbonic 
acid with ammoniacal gas. It is very soluble in 
water. 

The strong smelling salts of ammonia are prepared 
by subliming a mixture of sal ammoniac with chalk. 
It is probably a sesquicarbonate, 2NH40,3C02. 

Chloride of Ammonium, Sal AMMONiAa 
Symbol, NH4CI ; EquivaJeni, 53*5. 

A white, fibrous, crystalline body ; volatile at a 
red heat, and soluble in water and alcohol. It is 
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prepared by acting on the carbonate of ammonia \eith 
hydrochloric acid : — 

NH40,C02 + HCl = NH4CI + H0,C02. 

BARIUM. 
Symbol, Ba ; Equivalent, 68*5. 

A white, brilliant metal, but speedily oxidises on 
exposure to air. It is very heavy, poisonous, and 
slightly soluble in water. 

BiNOZiDB OF Barium. 
Symbol, BaO, ; Equivalent, 84*5. 

Is of a greenish white colour and amorphous. It 
can be obtained by heating to redness baryta, BaO, 
in a current of oxygen or air. The binoxide is de- 
oxidised into baryta at red heat. This alternate oxida- 
tion and deoxidation of baryta has been proposed as 
an economic source of oxygen. 

CALCIUM. 
Symbol, Ca ; Equivalent, 20. 

A white metal, discovered by Sir H. Davy in 
1809, similar to Barium. Calcium has been seen by 
very few persons. On exposure to air it passes into 
the protoxide of calcium, CaO (lime). 

Lime. 
Symbol, CaO ; Equivalent, 28. 

Lime is a white, amorphous body, usually called 
quicklime. It absorbs moisture with great avidity, 
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passing into the hydrate, CaO,nO, and on exposure 
to the air it absorbs carbonic acid, becoming the car- 
bonate of lime. 

It is more soluble in cold water than hot, forming 
a solution known as lime-water. 

Lime is made from chalk or marble, by strongly 
heating in a limekiln, which drives off the carbonic 
acid. 

With alumina, silica, and iron it forms hydraulic 
cements, which have the property of hardening under 
water. 

Building mortar is a mixture of sand, lime, and 
water. It hardens on exposure to air. Good mortar 
ought to contain three parts of road or river sand to 
one of lime. 

Cabbokate of Lime. 

I 

Symhd, CaO,COa ; Equivalent 50. 

There are several varieties of carbonate of lime : 
The crystallised forms, such as stalactite, spathose, 
and arragonite ; amorphous, such as chalk and 
marble. 

The pure carbonate of lime is without colour ; 
insoluble in pure water, but soluble in water contain- 
ing carbonic acid. It is decomposed by heat into 
carbonic acid and lime. Carbonate of lime is the 
source of incrustations in steam-boilers and tea-kettles. 
By heating water containing this salt the carbonic 
acid is driven off, and the insoluble carbonate of lime 
falls to the bottom. Stalactites in caverns are formed 
by the gradual percolation of water containing the 
carbonate of lime. 
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SCUPHATE OF LUOB, FlA8TEB OF FaBIS, GtPSITM. 

Symbol, CaO,SO, ; Equivalent, 68. 

This salt is found in nature both in a crystallised 
and amorphous state. The anhydrous sulphate is the 
plaster of Paris ; it absorbs water, and becomes a hard 
compact mass. It requires a red heat to deprive it of 
this water. The sulphate of lime is soluble in 500 
parts of cold water. In its crystallised state alabaster 
is a familiar example. 

• ALUMINUM. 
Symbol, Al ; Equivalent, 13*7. 

A silver-white metal, discovered by Wohler in 
1828, does not readily oxidise. Aluminum is chiefly 
obtained from a mineral called chrysolite, by re- 
duction with potassium or sodium. (Specific gra- 
vity, 2-6.) 

Aluioka. 
Symbol, AI3O3 ; Combining Eqmvalent, 51*4. 

Alumina is a very weak base, and its salts have fre« 
quently an acid reaction. The ruby and sapphire are 
crystallised varieties of alumina, coloured with some 
metallic oxide. Emery powder, used for polishing 
glass and metals, is a coarse kind of crystallised 
alumina^ called corundum. 

Alums. 

All the alums are double sulphates. Common 
alum may be taken as the type, which is a double 
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sulphate of alumina and potash, Al^OgySSOs -{- KO, 
SO3+24HO. Alumina is used in the arts for dyeing 
and preparing skins. 



IRON. 

Symbol^ Fe ; Equivalent, 28. 

Pure iron is of a greyish-white colour, fusible at 
a high temperature. It has great tenacity, very 
ductile. Specific gravity 7*84. On exposure to the 
atmosphere, iron passes into the oxide ; at a red heat 
it decomposes water. 

Oxides of Iron, — The protoxide Fe,0, which is a 
black powder, and very oxidisable. The sesquioxide 
FoaOs, which is of a reddish-brown colour, and is 
obtained by precipitating, with ammonia, any of the 
oalts of the protoxide of iron. The magnetic oxide 
^6304, which is found in nature, and is the product 
of burning iron wire in oxygen and ferric acid, 
FeOy. 

ZINC. 
Symbolf Zn ; Equivalent, 32. 

This metal is first mentioned by Paracelsus, who 
died in 1530. It is of a bluish-white colour, soft, 
slightly flexible, and at a temperature of 270*' very 
malleable. At a red heat it boils and volatilises, and 
if air be present, bums with a green flame, generating 
the oxide of zinc. Zinc has a specific gravity of 7. 

Zinc is much used for roofing, instead of lead. It 
is durable, but inferior in this respect to lead. Cis- 
terns, pails, and many domestic utensils are now made 
of zinc. 
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The protoxide of zinc, ZnO, is a white body, and a 
powerful base. It may be obtained by the direct 
oxidation of zinc. It is used as a bad substitute for 
white lead in painting. 

Sulphate of zinc, ZnO,S03+7HO, or white vitriol. 
This salt is isomorphouswith the sulphate of magnesia. 
It is of a white colour, soluble in water, but insoluble 
in alcohol. It is employed in calico printing. 



TIN. 
Symbol, Sn ; Equivalent, 58. 

Tin is a white silver-looking metal, has great 
metallic lustre, and is a good reflector of light. It 
has a specific gravity of 7*29. There are two im- 
portant oxides of tin, the protoxide SnO, and the 
binoxide Sn02. The salts of the protoxide are pre- 
cipitated with chloride of gold. The precipitate is of 
a purple colour, and is known as the purple of 
Cassius. 

The salts of the binoxide of tin give a white pre- 
cipitate with sulphuretted hydrogen. 

The salts of tin are used in dyeing. Thin sheets of 
iron dipped in molten tin, form the tin plate of com- 
merce. A mixture of tin and lead forms the solder of 
the plumber. Tin and sulphur form mosaic gold. 
Pewter is tin hardened with antimony. Stereotype 
metal is composed of 6 of antimony and 1 of lead. 
Britannia metal is a compound of variable quantitie-s 
of copper, tin, bismuth, and antimony. 
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COPPER, 
Symbol, Ca ; Equivalent^ 31*7. 

Copper is of a red colour^ very dactile and tena- 
cious. When breathed on, it creates a disagreeable 
odour. It is fusible at a bright red heat, and has a 
specific gravity of 8*96. 

On exposure to a moist atmosphere, copper becomes 
covered with a film of the carbonate of copper, 
which is of a green colour, and very poisonous. 

There are four oxides of copper — two only are 
important. The suboxide CugO, and the protoxide 
CuO. The suboxide is of a red colour, soluble in 
ammonia. The protoxide is the ordinary base of all 
the copper salts. 

The salts of copper give, with ammonia, first a 
green, then a blue colour. The sulphate of copper 
CUO2SO3+5HO is of a blue colour, and poisonous. 
It is used in medicine and painting. 

Brass consists of about .30 parts of zinc and 70 of 
copper. Copper is sometimes externally converted 
into brass by exposure, when at a red heat, to the 
vapour of zinc. The gold wire of Lyons is manu- 
factured from copper bars prepared in this manner. 
Gun metal consists of 90 parts of copper and 10 
of tin. Bell metal contains a larger proportion of 
tin. Bronze consists of 91 parts of copper, 2 of tin, 
6 of zinc, and 1 of lead. The brass of the ancients 
was copper and tin. 



T2 
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LEAD. 
Symbol, Fb ; Equivalent, 103. 

Lead is a bluish-white metal, having great lustre ; 
on exposure to the air it becomes dull, owing to its 
absorption of oxygen ; this thin film protects the 
metal from further oxidation. It is very malleable ; 
but has little ductility and tenacity. The specific 
gravity of lead is 11 '44. Lead melts at 600°; at a 
white heat it boils and volatilises. The salts of lead 
are without colour, except the chromates ; they have 
a sweet taste, and are poisonous. When clean me- 
tallic lead is placed in pure water it becomes covered 
with a thin film of the hydrated protoxide of lead, 
formed by the dissolved oxygen of the water. This 
compound is slightly soluble in water. This deposit, 
however, is more frequently the carbonate in union 
with the hydrate of lead, and is a very insoluble 
compound. River and spring water almost always 
contain a little sulphate, which causes a thin coating 
of the sulphate of lead, and protects the metal from 
farther action. If water were quite pure, the lead 
would in time be dissolved ; or if the water contain 
a large quantity of free carbonic acid, the water 
cannot be used with safety. The carbonate of lead, 
although insoluble in pure water, is slightly soluble 
in water containing free carbonic acid. 

Soluble lead salts give, with sulphuric and hydro- 
chloric acid, a white precipitate; with hydrosulphuric 
acid, a black precipitate. 

White Leadj PbO,C02. — White lead is manufac- 
tured by placing sheets of lead in earthernware jars 
containing acetic acid. These jars stand in rows upon 
manure or tan. The acetic acid converts the lead 
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into an acetate, which is subsequently converted into 
the carbonate by the carbonic acid of the decomposing 
manure. The process occupies some days* White 
lead is extensively used in painting. 



MERCURY. 
Sytnbol, Hg ; Equivalent, 100. 

This metal, at ordinary temperatures, is a liquid ; 
at a temperature of 40^, it congeals ; at a temperature 
of 662°, it volatilises. Mercury has a specific gravity 
of 13-59. 

f"* There are two oxides of mercury, and correspond- 
ing sulphides and chlorides, — the suboxide, Hg20, 
and the protoxide, or red precipitate, HgO. 

Calomel, HggCl. — This is a white crystalline 
body, insoluble in water. It is very useful in medi- 
cine. Calomel may be prepared by decomposfng the 
sulphate of the protoxide of mercury in the presence 
of free mercury, with a solution of common salt : — 

HgCSOa + Hg + NaCl=NaO,S03 + HgaCl. 

Corrosive Sublimate, HgCl, is of a white colour. 
This salt is soluble in water, to which it communi- 
cates a sweet metallic taste. With albumen, it forms 
a white insoluble precipitate. It is a powerful poison. 
White of egg is the best antidote. 

Corrosive sublimate is prepared by decomposing 
the sulphate of the protoxide of mercury with the 
chloride of sodium : — 

HgCSOa +NaCl=NaO,S03 + HgCl. 

Mercury combines with great facility with gold, 
silver, zinc, tin, lead and bismuth, forming alloys 
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called amalgams. Mercury is employed to extract 
gold and silver from their ores ; and for gilding, 
plating, and looking glasses. It is also used for 
thermometers and barometers. 



SILVER. 
Symbcly Ag ; Equivalent, 108. 

This is a very white, brilliant-looking metal, having 
great lustre. It is ductile and malleable ; but not so 
much as copper. It has a specific gravity of 10*5, 
and melts at a bright red heat. It does not readily 
oxidise in air, is insoluble in water, but soluble in 
nitric acid. 

Soluble salts of silver are generally without colour; 
but on exposure to the light they blacken. Hydro- 
chloric acid and the soluble chlorides give a white 
precipitate, with silver solutions, soluble in ammonia. 

Nitrate of silver is the lunar caustic of the surgeon. 

The silver used for coin and plate in this country 
consists of an alloy of silver and copper, fixed by 
law ; 111 parts of silver and 9 of copper is standard 
silver, and bears the Hall mark of the Goldsmith's 
Company. In France, three different standards are 
employed ; one for currency, one for plate, and one 
for ornaments. 

PLATINUM. 
Symbol, Ft ; Equivalent, 98*7. 

This metal was discovered in 1752, and called 
white gold. Specific gravity 21. It is of a greyish 
colour, very difficult to fuse, and does not oxidise on 
exposure to the air. 
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Platinum can be forged and welded like wrought 
iron. It is made into crucibles and stills for the 
chemist and gold refiner. 



I GOLD. 

I Symbol, An ; Equivalent, 197. 

Gold is the most unalterable of all the metals. It 
is Tery ductile and malleable, the thinnest gold leaf 

not exceeding the TT^Tj^.^nnr ^^ ^^ ^"^^ ^^ thickness. 
[ It dissolves in nitro-hydrochloric acid, producing the 

sesquichloride of gold, AU2CI3, which is thrown down 
as a red-purple precipitate, with the protochloride of 
tin. Gold has a specific gravity of 19*5. Oxalic acid 
gives a brown precipitate. 

Gold coinage in this country consists of an alloy 
in which 22 parts out of 24 are pure gold, and 2 
V parts of alloy. Good jewellery contains 18 parts out 

' of the 24, and bears the mark of the Goldsmiths' 

Company. Jewellery with less than this proportion 
does not receive the mark. It not unfrequently 
happens that chains, rings, &c., sold as gold, do not 
contain more than 40 per cent, of the pure metal. 
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1. Arrangement for i)reparing hydrogen and gases not requiring heat. The 
delivery tube is placed in the pneumatic trough, so that the extremity^ of the 
tube comes under the gas jar. Bubbles of gas rise to the top of the jar, and 
gradually displacethe water. Other jars should be standing on the shelf of 
the trough, ready filled with water, to take the place of the one filled with gas. 

2. Jet of inflamed hydrogen. 

3. Arrangement for filling bladders at the pneumatic tj-ough. 

4. Soap bubbles blown from a bladder filled with hydrogen, or a mixture of 
oxygen and hydrogen. 
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APPARATUS. 
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9. Arrangement for distillation, or the preparation of nitric acid, from the 
nitrate of potath and sulphuric acid. 

lOi Fhosphuretted hydrogen apparatus. 
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